-, -
. =
F
_ Rd“
=) ']
<
(=
o
C'Ti =
- NE
z
an N
l%‘w&‘.ﬁwg
g\
<l N |z
S BN
L ) \
N
z

T09 W¥O4 ALITIDVE

Raven Industries, Inc. . . WA
Report No. R-1767

Prepared by:

¢ 7. 6

NASACR- 66590

RIA

\s

EINJ

industries, inc.
PEFPP REP&&T
PR25-34
B/L -

Planetary Entry Parachute

Program

Cross Parachute
Engincering Design Report

Contract No. RC7-709044

NAS /- (074-3

Submitted to:

Martin Marietta Corporatio
Denver Division
Denver, Colorado

E. W, Boettcrker
Project Engineer Government Projects

9,..AP!‘

—-———

anbeck, 1anager

AR A —

G. P Hanson, Manager Js G. Mbldenhauer, ifanager

Decelerator Program

#5300
/V‘l;% '<gf)ﬁf

Engineering Division -

. mwmmmonmswm1BmeMannmmwtm'

information cichanzz,  Nerpans ihiiity is7 ke con-emis
3 B e
resides in the a‘u;nor OF Ofg Mizbuion inat poepaied it

X




ABSTRACT

The Planetary Entry Parachute Program 54.45-foot diesmeter cross
parachute design is analyzed with respect to material strengths, shock
loading, and materiel stress analysis. This report summarizes calculations
on which the design is based, material and joint test data, stress analysis
procedures, and system weight and center of gravity location calculations.
A materials properties section is also included and basic parachute system

configuration and dimensions are defined.



‘\;J

{\

o

I.

II.

'III.

TABLE OF CONTENTS

INTRODUCTION |
CANOPY GEOMETRY |
SHOCK LOADING CALCULATIONS

MATERIALS PROPERTIES

- SEAM AND JOINT EFFICIENCY

STRESS ANALYSIS
WEIGHT ANALYSIS

CENTER OF GRAVITY AND MASS MOMENTS OF
INERTIA CALCULATIONS

[RIAIVIEIN]"

industries, inc.

o PAGE

© N

26
29
90

131

138




FIGURE

W @@ N o U e W N

L e o
nm e W N = o

16

17

. [FA

\

EIN

industries, inc.

LIST OF ILLUSTRATIONS

Cénopy Dinensions

General Dimensions

Canopy Terminology

Canopy Riser -

Load Bridle Dimensions ‘
Computer Program Inéut Data Sheet o
Required Computer Program Input Data
Computer Program Index Definiéidﬁb‘
tf/Dé’Ratio vs. Snatch VelocityA‘-
Opening force vs. § of Fill Tiﬁe
Computer Progfam Input Data

Computer Program Output

Test Sample Location and Direction
Safety Margins

Parachute System Center of Gravity Location
(Strung-Out Position)

Parachute System Center of Gravity Location
(Packed Position) B

Parachute Syétem Center of Gravity Location
(Inflated Position)

PAGE

=

® N o W

11
12
13
20
22
23
25
30
130

141
144

147

et 2




TABLE NUMBER
1

S s W N

LIST OF TABLES

TestVSample bescription

Design Pactors

Weight Summary (Calculated)
Weight Summary (Actual)
Parachute Component and System

Center of Gravity Locations
(Strung-out Position)

[RIAVIEIN

industries, inc..

PAGE
31-32
91-98
136
137

140




s

 SECTION I

INTRODUCTTION

 RAVE

industries,

inc.




-~

‘I'I =3

RIA|VIE]N

industries, inc.

I. 1popICTYINN

This report was prepared by Raven Industries, Inc.
Sioux Palls, SOnth.Dakota in comnliaﬁée with Contract
No. RC7-709044 with Martin-Marietta Corporation, Denver

Division, Denver. Colorado.

.The objective of the pregram was the design and
fabrication of a éross configuration parachute for flich+
testing (balloon launch mode) in the Planetary Entry
Parachute Program (°EPP). The'design was to be capabhle
of operational deployment at an altitude of 130,900

ft. at a velocity of Mach 1.6 with a 600 1b. suspended
payload,

In accomplishing this ﬁask, the aesiqn was analyzed with
respect to material strengths, shock loading, and material
stress analysis. This report summarizes calculations‘

on which the design is based, material and joint test data,
stress analysis procednrea, and system weight and center
of gravity location calculations. A materials properties
section is also included and basic parachute system

confiquration and dimensions are defined.
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II. CANOPY GEOMETRY

The contract spéciflcations required the cross parachute
design with a panel length equal to 3.78 &t .05 times
the panel width. Maximum parachute dimensions were detarmined

based on the following design criteria.
Deployment conditions: Mach Number = 1.6
Dynamic pressure = 13 psf

_Ejectibn velocity = 130 fps

System weight: Canopy, suspension lines and riser = 70-76 1b.
Complete parachute system = 80 1b. max.

These conditions and available materials dictated a

- maximum parachute layflat diameter of 71.21 ft. The

layflat diameter defines the following cross parachute

dimensions.
PANEL SISE ‘
Panel length (L) = Layflat diamter = 71.21 ft. X
Panel length/width ratio = 3.78
Pansl width (W) = 71.21/3.78 = 18.84 ft. o L
|

L - "= N N I o N =
.




2

(3

RIAIVIE|N

industries, inc.

ACTUAL MATERIAL AREA (S,)

So = 2LW - W2
= (2)(71.21) (18.84) - (18.84)2
= 2328.24 f£t.2

. NOMINAL DIAMETER (Dg)

Do "P 8o
b § .
-{(4;!2328.242

= 54.45 !to

PROJECTED DIAMETER (Dp)

Projected Diameter = Flying Diameterx

Dp =_2L - | .
. |

= (2) (71.21)

= 45.33 fe.

Basic parachute dimensions are presented in figures 1
and 2 . 8ince cross parachute terminology differs
somewhat from conventional parachute designs, figure 3

is included for definition. Terms as defined in this

‘sketch will be followed throughout this report. Canopy

riser and load bridle configurations and basic dimensions

are presented in figures 4 and S5, respectively.
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FABRIC AREA:2328,24 FT2
NOMINAL DiA = 54,48 FT

FIGURE 2  GENERAL DIMENSIONS
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SUSPENSION LINE
CONNECTING LINK

KEEPER

N

24"

MAIN KEEPER -—-—/

X

FIGURE 4 CANOPY RISER
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-FABRIC SOCK
(ONE LEG ONLY)

FIGURE 5§ LOAD BRIDLE DIMENSIONS
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III. SHOCK LOADING CALCULATIONS

COMPUTER PROGRAM |
A general computer program has been written by Raven

Industries, Inc. for use in parachute calculations where

snatch force, time to snatch, £ill time and opening shock

are desired. The program is designed from equations

and methods presented in ASD-TR-579, PERPORMANCE OF AND
DESIGN CRITERIA POR DEPLOYABLE AERODYNAMIC DECELERATORS,
Chapter 4. 1Initial physical and operational parameters
required for program input are tabulated in Pigure 6. .
Most of these values are normally known or given for

a particular situation. Por some parameters, hovoyer, .
such as uninflated canopy drag coefficient or uninflated
canopy effective area, "best ostimatof values must be
used. All of these values are required only if all

four decelerator performance parameters - snatch force,
time to snatch, filling time, and oponihg shock - are

to be computed. (Time to snatch is computed only as

a by-product of the snatch force calculation). Por
roquirid initial conditions in the above mentioned cases |

see Pigure 7.

The system of programs consists of a main "Executive®

program and four subroutines. The subroutines are called




.
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or omitted by the main progfam depending'upon which
calculated output is desired. Program variations are
introduced by assigning values to the indeces listed
at the bottom of Pigure g. Applicable index values,.
and the resulting computer applications are presenﬁed
in Figure 8. | o |

The main program is of no concern here because it merely
serves the purpose of directing the input data to the

desired subroutine. The subroutines, however, will be

‘explained with respect to the types of equations involved,

and the method of arriving at a workable solution.

10
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Date Input:

N =
.M.
Mi =
M2 =
M3 =
M4 =

rigure 6.

Parachute Performance Calculations

Payl'oad Welght ......... - ® o o

 Parachute Weight = = = = = = = = =~ = - -

Payload Drag Coefficlent= = = = = = = = =

[}
’
]
[}

Un_inﬂated Canopy Drag Coeffictent
Payload Effective Area - - = - —_—- - - -
Uninflated Canopy Effective Area = = - =~ =
Inflated Canopy Drag Coefficlent = -~ - - -

Parachute Nominal Diameter = = = = - = -

Number of Suspénsion Linese = « « = = = «

Suspension Line Breaking Strength= = = = =
Suspension Line length = = = = = « -« = <

Suspension Line Elongation= = = - = - .-

Effective Porosity of Canopy Material - - -

Velocity at Deployment= - - S-- ==~
Density Ratio at Deployment Altitude~ « - =

Density at Deployment Altitude = = - - - -

Computer Program Input Data Sheet

11
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PO .

Outputs
Desired

Snatch Force and
Time to Snatch

Fill Time
(Flat Circular)

Fill Time
(Cross)

Opening Shock

*For explanation of symbols see rigute 6.

Indeces

N, M¢

N, M, M1

N, M2, M3

Inputs Requiredt

Parameters

" Wp, LT cDbn cgpc sbv

Scs, &, P+, Lg,& , vq,p

Wb, cD ¢+ Do) C, 0 ,
vsg (system velocity
at snatch)

tfe/Dg - ratio (filling
time/diameter)

"ba CD ’ Dgi 0 ’ V§

Figure 7. Required Computer Program Input Data

12
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Index Value

N 1l
2

3

4

5

6

7

M 1l
2

M1 1
2

3

M2 l
2

M3 1l
2

M4 1
2

Figure 8.

Appiication

Calculate snatch force, f£fill time, opening shock
Calculate snatch force

Calculate filling time

Calculate opening shock

Calculate snatch force, filling time

Calculate snatch force, opening shock

Calculate filling time, opening shock

Plat Circular Chute
Cross Chute

Read in velocity at snatch (7g) for f£ill time
calculation. (Flat Circular Chute)

Use calculated velocity at snatch (vg) for
£ill time calculation.

Read in time to snatch (t2) for f£1ill time
calculation. .

Read in time to £ill (tf) for opening shock
calculation.

Use calculated time to fill (tg) for opening
shock calculation.

Read in velocity at snatch (vg) for. openinq
shock calculations.

Use calculated velocity at snatch (v.) for
opening shock calculations.

Read in time to snatch (tj) for snatch force
calculation.

Use calculated time tc snatch (t2) for snatch
force calculations.

Computer Program Index Definition 13
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SNATCH FORCE SUBROUTINE
The snatch force experiénced in the suspension lines is
equal to the sum of the force produced by the change

in Kinetic Energy plus the average drag force.

The K.E,. equatioh is given by:

P = /hc Vire1 2 Pl

where: P = Force due to K.E. (1b). .
Mc = Mass of canopy cioth area and suspension
| lines (slugs) |

Vrel = Velocity 61 payload relative to chute at
time t; (t2 = deployment time) (ft/sec)

Z = Number of suspension lines

Pl - Breaking streﬁgth of suspension lines (1b.)

Lg = Suspension line length (ft.)

£l = 3 elongation of suspension lines

In this form, the force due to K.E. is reduced to a
function of the differential spead. The differential
speed is dependent upon the total time for deployment
(t2) to occur. The determination of t) will be covered -

14
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in TIME TO SNATCH SUBROUTINE,

The average drag force calculation is given by the equation

. ' 2 ) _
Fy = [ (CpS) V chute + V“payload
d —r-"s"'[ F) ]

where: F ;" Average drag force (1b)

p = Density at deployment altitude (slugs/ft.3)
(CpS) ¢ = brag'area of uninflated canopy_(ft.zl |
Vchute = Velocity of chute-(ft./seé.)

Vpayload = Velocity of payload (ft./sec.)

Therefore, snatch force, F‘, is

Fg = F - +7P
s a

The computer handles these snatch force equations along
with other applicable equations in a sEraightforvard

algebraic manipulation.

TIHB TO SNATCH ROUTINE

Time to snatch (t;) is defined as the total time for
deployment to occur (that is from beginning of deployment
to éompletion of deployment). At 3natch, the suspension
‘lines are at their full length. ‘

15
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By considering launch velocity and drag éhatacteristics.
of both the chute and the payload, it is possiblé to |
determine their distances traveled since.iannch; relative
to the launch vehiqle. The difference between these

two distances Qill equal the suspension line length

(Lg) . The method of determining the distance traveled

by both chute and payload consists of an iterative process
using trial-and-error values of t2. By comparing the
differences of these distances with the suspension lino
length, the iterative process arrives at a suitable

value of t2 (accuracy is within ¢ ,5% of suspensién line
length) . Using the value tz, the gelafive velocity of the
payload to the chute can be calculated for use in the

snatch force subroutine.

FILLING TIME SUBROUTINE
(Flat Circular Chute)

Time to fil; (tf) is defined as the total time for
£411 to occur; that is, the time elapsed between snatch
and total £il1l. At total £i11, the canopy has inflated

to its full volume,
The time to £il1l for a flat circular chﬁte is calculated

in much the same manner as is time to snatch, except that

in time to f£1ill calculations, a trial-and error method

16
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is utilized with respect to tf# to achieve a calculated
volume of the canopy at total inflation cbmparable

to the actual volume of the canopy at total inflation.

The equations used for calculating volume of the canopy

“at total inflation are:

D2, te Vs [(1-':) /3 - 2 cr (1-'1')] ar

1
Ve v
B Vg [11.25m+a) 1n (LL.25T4n) - 11.257] + 11.25+a
5 D B e
0 2(11.25)2 | |
B 120 (Cps) t
- °3m £
Do
Am v x 106
20 go Do3
where:

V = Calculated volume of canopy.ag fiilf(ft.B)
Do = Nominal diameter of chute (£t.) |

Vg = System velocity at snatch (ft./sec.)

Te = Time to £ill (sec.)

17
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T = 8§ of £ill time Te t/tg

C = Effective porosity of canopy material
(CpS)max = Maximum drag area of chute ( ft.z)
W = Weight of pgylodd (1b.)

g = Acceleration due tolgrﬁvity (ft./sec.z)

0 -= Density ratio at deployment altitude

The right hand expression of the volume equation cannot
be integrated directly without making broad assumptions
and simplifications. Therefore, a numerical integration
of the expression is necessary. This is accomplished

by use of the numerical integration scheme of Simpson's
Rule. The integrand also contains the parameter tg,
creating the necessity of a trisl-and-error method using

trial values of tg,

Accuracy in fill time calculations are t .5% of actual

canopy volume,

FILLING TIME SUBROUTINE
(Cross Chute)

In £illing time calculatioﬁs wvhere a cross chute is
concerned, a rativ of te/Do (£illing time to diameter
ratio) is merely multiplied by the diameter of the chute

to obtain tg. This ratio is a function of system

18
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’

velocity at snatch and can be obtained from the plot
on Pigure 9.

OPENING SHOCK SUBROUTINE .

Opening shock is defined as the maximum force experienced
by a parachute canopy durlng the opening process. The
systen of equations relating this force to the input
data is '

Pe wv [22.5+ BV t/tg
2g t¢ |A + 11.25 t/tg

Vs S
BV, |zII.§5 t/tf"k, ln( . ': - £ - . . £ +A
—— ) j A
2(11.25)2 - . | |
where:

A, B, W, q,IVj, ts, are the aﬁmo parameters mentioned in

FILLING TIME SUBROUTINE,

. "“’

and: _
F = Opening Force (lbs.)
t/tg = § of £i1l1 time

i
g
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A typical plot of Opening Porce (f) vs. § of fill time

" (t/tg) ie given in Pigure 10. The computer method of

calculating a maximum opening force is to begin with

a t/tg ratio of zero, and increment it by + .1 until

a maximum point is reached. Prom this point on iteration
of the t/tg ratio is utilizeﬁ until two adjacent values

of opening force are within 10 lbs. of each other.

SHOCK LOADING CALCULATION

Data input values for a computer program calculation of
dynamic forces experienced by the cross parachute during |
deployment at deaiqn.condiflons are preseﬁted in Figure 11.
Values assigned the indexes define the program as a
calculation of snatch force, fill time, and opening

shock (N = 1) for a cross parachute (M = 2) using
calculated time to snatch (M4 = 2) for snatch force
computatidn, calculated velocity at anatch (Ml = 2) for
£411 time computation, and calculated velocity at

gnatch (M3 = 2) and calculated filling time (M2 = 2) |
for opening shock computation. Payload weight, parachute
weight, number of suspension lines, and suspension line
breaking strenqth,rlength, and clongatioﬁ @re given
values., Payload drag coefficient and effective area

are fictitious numbers which result in a given payload
drag area of 7.0 £e2, qwnintlated.canopy drag coefficient

21
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Date Input:

M=
Ml =
M2 =
M3 =
M4 =

N NNV VN

Parachute Performance Calculaticns

Payload Weight

Parachute Weight

Payload Drag Coefficient - - =

- - o - e -

Untnﬂated‘(:anopy Drag Coefficient = « - -

Payload Effective Area

Uninflated Canopy Effective Area

" Inflated Canopy Drag Coefficient

Parachute Nominal Diameter -

Number of Suspension Lines- =~

Suspension Line Breaking Strength- - - = -

Suspension Line Length

Suspension Line Elongation- -

Effective Porosity of Canopy Material - - -

Velocity at Deployment= = - =

A

Density Ratio at Deployment Altitude- - - -

Density at Deployment Altitude

Figure 1l1l. Computer Program Input Data

606 1b,
74 1b,

1.0

1.0

7.0 £¢.2
301‘ ftoz

0.8
54,24 ft.
64 \
500 1b.
71.21 fe.

208

0
1660.8 fps

0.00396

0.00000942

slug/ft.3

23




L

i

) B o em o m e me D e e e e e e oo O e

4

RIAIVIEIN

industries, inc.

and area are estimated values. Parachute ndminal diameter
is based on essential cloth area. The inflated canopy
drag coefficient, in conjunction with the area definition,
is a nominal value for the cross-type’pafaehute. Effective
porosity is assumed zero at the lov density at 130,000

ft. ‘ve;ocity at deployment = 1.6 Mach = 1660.8 fps. The
density ratio was adjusted to obtain a dynamic pressure,
q. = 13 psf, at the test altitude and velocity.

Resultant velocity, time, and force values from
program inputs are presented in computer output form,

Pigure 12, and are tabulated here for reference.

Time to snatch ‘ 0.54 sec

Relative velocity (at snatch) 135.5 ft/sec
System volobity (at snatch) - 1658,2 ft/sec
Snatch force 9773 1b
Pill time o 0.45 sec

Opening shock . 17,620 1d

The highest load imposed on the cross p@rachuto.doployod
at design conditions is thoreforb'predicted at 17,620
1b. opening shock. This maximum force is used in stress
analysis calculations presented in Section VI.

24
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SECTION IV
' "MATERIALS PROPERTIES
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IV. MATERIALS PROPERTIES

SHROUD LINE
Cord, Dacron, braided, splicable

ValRayCo, Inc. Pattern #9004

Conatruction;

16 carrier braider (15 carries wykhite Dacron and 1

carrier black Dacron)

16 ends per carrier - 10 picks per inch

d‘wwmwumm.ammmmumm.:ad

. Minimum ultimate tensile strength = S50 1b,
Average Tensile Strehgth » 605,5 1lbs, .

Using 220 Denier Dacron yarn, heat set, high tenacity.

- CANOPY CLOTH
CIoth,‘Dacron, ripstop, natural
J. P, Stevens & Company, inc. 8/N-2468/1
36/37 inches width

1.25 oz sq yd
28 residual shrinkage (max.) after 91 hours @ 125°C

CANOPY RISER
Webbing, textile Dacron, low elongation
MIL-W-25361, Type III ”

°
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. Width , 1 23/32°
Thickness | 0.083"
Weight 2.29 oz/yd

Total ends face and back 256 .

Face and back yarn denier & ply 1100/2 Dacron
Filling picks per inch 23

Filling yarn denier & ply 15/3

Yarn turns per inch 3

Minimum ultimate tensile strength 7000 1b,

LOAD BRIDLEB

Webbing, textile, woven; Nylon

MIL-W-4088D, Type XIX |
width 1 3/4°
Thickness 0.112* o
Weight 2.97 oz/yd

Total ends face and back 280

Face and back yarn denier & 91;': i§:673
Pilling picks per inch 18 ‘ 4. 
Filling yarn denier & ply 840/12~V15;
Yarn turns per inch 2.8

Minimum ultimate tensile strength 10,000 1b.

TAPE, DACRON, 1* x 1000 1bs, ,
wiath 1° plus 1]60‘

27




Thickness
Warp Ends
Filling
Tensile
we.

.035"

RIA|VI|E

N

industries,

441 220 den. Dacron

inc.

80 pikes 2 ends 220 den. Dacron

1075, 1090 1bs,
0.57 oz/yd

100% Dacron yarn 220 Denier type 52 Merge 62428

TAPE, DACRON, 3/4" x 750 1bs.

Width

. Thickness
we.
Warp Ends
Picks
Tensile

1008 Dacron 220 Den,

'3/4" plus 1/64"
.037°
0.41 oz/yd

33771 - 220 Den. Dacron

80 - 2 ends 220 den. Dacron

895 1lbs,
type 52 Metée 62428

28
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V. SEAM AND JOINT TESTS AND EFFICIENCY CALCULATIONS

Representative test samples of each individual seam and :
Joint throughout the cross parachute system were fabricated
and tested to determine minimum ultimate strength of the
seam and/or joint. Location of each test point on the
canopy and the load directions are shown in Figure 13.
Table 1, ir conjunction with Figure 13, lists the test
nuﬁbers, load direction, and description of each sample,
Material tests were accomplished per the applicable
sections of Federal Specifications CCC-T-191, °“Textile

Test Methods®. |

- Plve samples of each material, seam, and joint were tested.
Test information and data are presented on individual |

| "Laboratory Material Tests and Test Data™ sheets in thic
section. The seam and/or joint efficxency calculation
is included on this form. A sketch of the test sample,
with applicable dimensions and fabrication configuration,

precedes each data sheet.

i

29
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0O MAIN SEAM
MAIN SEAM
MINOR PANEL
- T
PR T o4 T TV
[+ 1+ 1 1 1 I T TN NY
L J' :4_1 1 S SN URE R 1 2
E H H - R !
T T T 1 1 T 1 T c D
J—l_g_L_x_L__x___.
1
I T H
| H L I ! ] [T T I
1+ T 1 .
Be_..l__;_l__.:__‘___;___; 1 3 H
[4k S S S |
LT [ T T 1 A T WATIIIIOIITL F
SUSPENSION RADIAL
LINE ""}( TAPES
INOR TO 1F4F4F
MAJOR PANEL
SEAM . 14k

MAJOR PANEL

LOAD DIRECTION

FIGURE 13. TEST

SAM#LE. LOCATION & DIRECTION
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[

TEST] LO- LOAD |
NO.:A%ION DESCRIPTION DIRECTION | GRAPH NO.
1| A |canopy cLoTH, DACRON - 2412.1.b
2| A |canopy cLoTH, DACRON - 2412.2.b
3| B |[SUSPENSION LINE, DACRON, 550 LBS. a-a 2412.3
4| ¢ |SKIRT HEM TAPE, DACRON, 1 IN. X 1000 LBS. a-a 2412.4
5| o0 |RADIAL TAPE, DACRON a-a 2412.5
CANOPY RISER WEBBING. DACRON
6 MIL-W-25361, TYPE III ’ 2412.6
LOAD BRIDLE WEBBING, NYLON
7 MIL-W-4088, TYPE XIX * 28412.7.a
8| E |SKIRT HEM b-b 2412.8
91 F |MAIN SEAM a-2 2412.9
10| F [MAIN SEAM b-b 2412.10
11 | & |RADIAL TAPE ON CAWOPY CLOTH- a-a 2412.11
12 | G |RADIAL TAPE ON CANOPY CLOTH b-b 2412,12
13| H |RADIAL TAPE ACROSS MAIN SEAM a-a 2412.13
14 | H |RADIAL TAPE ACROSS MAIN SEAM b-b 2412. 14
15| I [RADIAL TAPE ON SKIRT EDGE HEM a-2 2412.15
16 | 0 [RADIAL TAPE ON RADIAL TAPE ON CANOPY CLOTH a-o 28412.16
17 | 9 |RADIAL TAPE ON RADIAL TAPE ON CANOPY CLOTH b-b 2412.17
18 | Kk |[RADIAL TAPE ON RADIAL TAPE ON MAIN SEAM a-a 2412.18
19 | x |RADIAL TAPE ON RADIAL TAPE ON MAIN SEAM b-b 2412.19
20 | t |RADIAL TAPE ON MINOR-TO-MAJOR PANEL SEAM a-2 2412.20
21 | L [RADIAL TAPE ON MINOR-TO-MAJOR PANEL SEAM b-b 2412.21
RADIAL TAPE ON RADIAL TAPE ON MINOR-TO- | -
22 | M IMAJOR PANEL SEAM (AT CORNER CUT-OUT) a-a 2812.22
RADIAL TAPE ON RADIAL TAPE ON MINOR-TO- ‘
23 1 M |uAJOR PANEL SEAM (AT CORNER CUT-OUT) b-b 2412.23
RADIAL TAPE ON RADIAL TAPE ON NINOR-TO-
28 | N 14AJOR PANEL SEAM (NO MAIN SEAM) a-a 2412.24

- S ) -
) hﬂ ‘ LS Fo— [y
§
s
1 -

TABLE 1. TEST SAMPLE DESCRIPTION

3l
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Test to- LOAD
|RADIAL TAPE ON RADIAL TAPE ON MINOR-TO-
251 N IMAJOR PANEL SEAM (NO MAIN SEAM) b-b 2412.25
RADIAL TAPE ON RADIAL TAPE ON MINOR-TO- |
26 1 0 IMAJOR PANEL SEAM (ON MAIN SEAM) a-2 2412.26
RADIAL TAPE ON RADIAL TAPE ON MINOR-TO-
271 0 IMAJOR PANEL SEAM (ON MAIN SEAM) ' b-b 2812.27
28 | P |SUSPENSION LINE/RADIAL TAPE JOINT a-a 2412.28
31 SUSPENSTON LINE/CANOPY RISER JOINT , 2412.31
32 CANOPY RISER AT KEEPER 2412.32
33 CANOPY BRIDLE AT MAIN KEEPER TIE 2412.33

"TABLE 1. TEST SAMPLE DESCRIPTION (CONT.)

32
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DESCRIPTION: CANOPY CLOTH, DACRON
LOCATION REFERENCE: A

LOAD DIRECTION: a-a

Bl B3 E3 O = = ‘l' =D

. PULL
TEST / GRAPH NO.: 1/2412.1.b 1
e— | —on]
¥
RAVEL TO , |
" WIDTH . )
\ I " .
| | 3 8"
‘ N @ _
. g B
Y
- 172" MIN —»~

|

PULL

NOTES:

1. MATERIAL (ITEM 1), DACRON, 1.25 0Z/YDp.2

33
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LABORATORY MATERIAL ' TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14178
| TEST/GRAPH NO.: 1/2412.1.b
Canopy Cloth, Dacron LOCATION REFERENCE: A
LOAD DIRECTION: a-a

TEST OBJECTIVE: Determine minimum ultimate strength of canopy cloth test samples
(fill direction)

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 1-1/2 inch raveled to 1 inch width x 8 inches
MATERIAL:  Canopy cloth, dacron, 1.25 oz./yd.2

STITCH: N/A
THREAD: N/A

TEST PROCEDURE:
METHOD: 5104 Per Fed. Spec. CCC-T-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20
TEST DATA:

SAMPLE NO. ' ULTIMATE STRENGTH TEST TERMINATION
1 44,5 1b. .. Fabric Rupture
-2 45.5 1b. Fabric Rupture
3 41.0 1b, - Fabric Rupture
4 46,0 1b. Fabric Rupture
S 44,0 1b, Fabric Rupture
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5 (44.5+ 45.5 + 41.0 + 46.0 + 44.0 ) = 44.2 lb./in.
2. RATED STRENGTH = |

3. MINIMUM ULTIMATE STRENGTH = 41 1b./tn. ~
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

" L

REMARKS/CONCLUSIONS:

- ‘ | RAVEN]
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DESCRIPTION: CANOPY CLOTH, DACRON
LOCATION REFERENCE: A

LOAD DIRECTION: b-b

~ PULL
TEST / GRAPH NO.: 2/2412.2.b 1
t— | —>
| S
‘RAVEL TO
1" WIDTH 1 i
" "
\ & 8"
g
=z
' _
o1
| !
-1 1/2" MIN —

1

PULL

NOTES: | _
1. MATERIAL (ITEM 1), DACRON, 1.25 0Z/Y¥D.2

industries, inc.




TLABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175

TEST/GRAPH NO.: 2/2412.2.b

Canopy Cloth, Dacron
. LOCATION REFERENCE: A
LOAD DIRECTION: b-b

TEST OBJECTIVE: Determine minimum ultimate strength of canopy cloth test samples
(warp direction)

TEST SAMPLE CONFIGURATION:
DIMENSIONS: 1-1/2 inch raveled to 1 inch width x 8 inches
MATERIAL: Canopy cloth, dacron, 1.25 oz./yd.z

STITCH: N/A
THREAD: N/A

TEST PROCEDURE:
METHOD: 5104 per Fed, Spec. CCC-T-191
LOAD RATE: 12 1nches/minute

INSTRUMENTATION: Research Inc., Materials Test System, Mod.FNo. LF 7445-20

TEST DATA: '
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
1 49.01b. ' Fabric Rupture
2 48.0 1b. Fabric Rupture
3 47.51b. Fabric Rupture -
4 49.01b, : Fabric Rupture
S 45.0 b, Fabric Rupture
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5( 49.0 + 48,0 + 47.5 + 49.0 + 45.0) = 47,70 1b./in.
2. RATED STRENGTH = :

3. MINIMUM ULTIMATE STRENGTH = 45.0 lb./in. |
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

REMARKS/CONCLUSIONS:

[RIAVEIN]

- A 36 industries, inc.
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175

TEST/GRAPH NO.: 3/2412,3

Suspension Lire
LOCATION REFERENCE: B
LOAD DIRECTION: a-a

TEST OBJECTIVE: Determine minimum ultimate strength of suspension line test samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: N/A :
MATERIAL: Suspension line, dacron, 550 lb. tensile strength

STITCH: N/A
THREAD: N/A

TEST PROCEDURE:
METHOD: Tensile per Fed. Spec, CCC-T~-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

TEST DATA: . _
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
)§ 620 1b. Sample Failure
2 620 1b, ' Sample Failure
3 620 1b, Sample Failure
4 620 1b, Sample Failure
s 620 1lb, : Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5( 620 + 620 + 620 + 620 + 620 ) = 620 lb.
2. RATED STRENGTH =

3. MINIMUM ULTIMATE STRENGTH = 6201b,
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

- ' b 4

REMARKS /CONCLUSIONS: -

' | ' . s; RIEAVERN]

industries, inc.
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‘LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 1417%
TEST/GRAPH NO.: 4/2412.4
Skirt Hem Tape LOCATION REFERENCE: ¢
» LOAD DIRECTION: a-a

TEST OBJECTIVE: Determine minimum ultimate strenqgth of skirt hem
tape test samples
TEST SAMPLE CONFIGURATION:
DIMENSIONS: N/A ‘ -
MATERIAL: Tape, Dacron, 1 inch wide x 1000 1b tensile strength

STITCH: N/A
THREAD: N/A
TEST PROCEDURE:
METHOD: Tensile per Fed. Spec CCC-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA: ,
SAMPLE NO. ULTIMATE STRENGTH - TEST TERMINATION

1 1280 1b | Sample Failure
2 1210 1b Sample Failure
3 1300 1b Sample Pailure
4 1300 1b ’ Sample Failure
S 1250 1b Sample Pailure

CALCULATIONS:

1. AVERAGE STRENGTH = 1/5(1280 + 1210 + 1300 + 1300 + 1250) = 1268 1b
2. RATED STRENGTH = o

3. MINIMUM ULTIMATE STRENGTH = 1210 1b
4, MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

= 3
REMARKS/CONCLUSIONS:
- - | - 38 [REANEN|
l < : o industries, inc.
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‘LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175

TEST/GRAPH NO.: 5/2412.5

a
Radial Tape LOCATION REFERENCE: D

LOAD DIRECTION: a-a

TEST OBJECTIVE: Determine minimum ultimate strength of radial tape
test samples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: w/A

MATERIAL: Radial tape, Dacron, 3/4 inch wide x 750 1b tensile
strength :
STITCH: N/A
THREAD: N/A
TEST PROCEDURE:
METHOD: Tensile per PFed. Spec. CCC-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATIGn: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA: , *
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
1 8 1200 1b Sanmple Failure
2 1200 1b Sample Failure
3 1000 1b Sample Pailure
4 990 1b Sample Paillure
S 990 1b _ Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH =1/5(1200 + 1200 + 1000 + 990 + 990) = 1076 1b
2. RATED STRENGTH =

3. MINIMUM ULTIMATE STRENGTH =  g99 1p v
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

Y, S g

REMARKS/CONCLUSIONS:

39 RIAVEIN]
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‘LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITENM: , PROJECT NO.: 14178

TEST/GRAPH NO.: 6/2412,6

Canopy Riser Webbing LOCATION REFERENCE:

LOAD DIRECTION:

L.t

TEST OBJECTIVE: Determine ninimum ultimate strength of canopy bridle
webbing test samples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: w/a

MATERIAL: Canopy bridle webbing, Dacron, MIL-W-25361, Type III,
' 1 25/32" wide x 7000 1b. tensile strength

STITCH:  m/A
THREAD: - N/A

TEST PROCEDURE:
METHOD: Tensile per Ped. Spec CCC-T-191
LOAD RATE: 12 inches/minute '

INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

TEST DATA:

G o s ) e o

SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
o 8200 1b, Sample Failure
2 7300 1b, Sample Pailure
3 7800 1b. Sample Pailure
4 No Test - Jaw Slippage"
S No Test ' Jaw Slippage
s 8000 1b, Sample Pailure
7 8000 1b, . Sample Prailure
CALCULATIONS: !

1. AVERAGE STRENGTH = 1/5(8200 4+ 7300 + 7800 + 8000 + 8000) = 7860 1b.
2. RATED STRENGTH =

3. MINIMUM ULTIMATE STRENGTH = 7300 1lb.
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
) -

'® . p 4

REMARKS/CONCLUSIONS:

S | « BEVER

industries, inc.
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'LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM:

Load Bridle Webbing

PROJECT NO.: 4

TEST/GRAPH NO.: 2/2412.7a

LOCATION REFERENCE:
LOAD DIRECTION:

TEST OBJECTIVE: Determine minimum ultimate strength of load bridle
webbing test samples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: N/A

MATERIAL: Load bridle, vébbing. Nylon, MIL-W-4088, Type XIX, 1 3/4"

wide x 10,000 1b, tensile strength

LOAD RATE: 12 inches/minute

STITCH: N/A
THREAD: N/A
TEST PROCEDURE:
METHOD: Tensile per PFed. Spec CCC-T-191

INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA: : . :
~ SAMPLE NO. ‘ ULTIMATE STRENGTH "TEST TERMINATION
) § 10,250 1b, Sample Failure (1)
2 10,300 1b. Operator Stopped Test
3 10,400 1b, Operator Stopped Test (1)
CALCULATIONS:

2. RATED STRENGTH =

3. MINIMUM ULTIMATE STRENGTH =

1. AVERAGE STRENGTH = 1/3 (10,250 ¢ 10,300 + 10,400) « 10,317 1b,

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

p 4

REMARKS /CONCLUSIONS:

(1) peqe vag terminated due to structural limitations of test '

equipnent.

RIAVTE
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NOTES:
1.
2.
3.
4.

BN Bl B B K2 OB BEEm Em £ iii El Bl KB B O E En il‘l =
~

LOCATION REFERENCE: E

DESCRIPTION: SKIRT HEM

LOAD DIRECTION: b-b

TEST / GRAPH NO.: 872412.8

— CUT CANOPY MAT'L

TO APPROX. | I/8"

MATERIAL (ITEM 1), DACRON, 1.25 0Z/YD.2

WIDTH

[RIAVIEIN]

industries, inc.

‘ e O
N ETremo e e T
P e | ™
! o - 8" — ':-l\-@

TAPE (ITEM 2), DACRON, 1" WIDE X 1000 LB. TENSILE
THREAD (ITEM 3), DACRON, V-T-éBS. SIZE "E", TYPE I, CLASS 3

STITCH, TYPE 301, 7-12 STITCHES/INCH

T
-

t-mns"

42




LABORATORY MATERIAL TESTS AND TEST DATA

-

‘ TEST ITEN: PROJECT NO.: 14175
| TEST/GRAPH NO.g/2412.8
T 1 skirt Bem LOCATION REFERENCE: E
“‘ LOAD DIRECTION: b-b
" ITEST OBJECTIVE:
Vi Determine ultimate strength of skirt hem
| TEST SAMPLE CONFIGURATION:
§ DIMENSIONS: :

MATERIAL: Canopy cloth, Dacron, 1.25 oz/ d2
Tape, Dacron, 1 inch wide x 1000 1b tensile strength

STITCH: Type 301, 7-12 stitches/inch
THREAD: Dacron, V-T-285, Type I, Class 3

TEST PROCEDURE: .
METHOD: Tensile per Ped. Spec. CCC-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

S ‘l'& bl e d beed e

TEST DATA:
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
1 | 1005 1b, Sample Failure
2 1075 1b. Sample Failure
3 No Test Jaw Slippage
4 No Test Jaw Slippage
S No Test Jaw Slippage
® 1255 1b. Sample Failure
;3 ? 1335 1b. Sample Failure
3 8 1410 1b, Sample Failure
™
s JCALCULATIONS:
y 1. AVERAGE STRENGTH = 1/5 (1005 4 1075 + 1255 + 1335 + 1410) = 1216 1b
% 2. RA TRENGTH = Min. Ultimate Strength of Tape + 3 x min.
ud TED STRE ultimate strength of canopy cloth (Ravel
strip method, warp direction) :
q H - 1215 + 3(45) = 1350 1b,

3. MINIMUM ULTIMATE STRENGTH = 1005 1b.
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

= 1005/1350
™ 74.4 4

b J

& REMARKS/CONCLUSIONS:

v ., [EEVERN

industries, inc.
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DESCRIPTION: MAIN SEAM

LOCATION REFERENCE:

LOAD DIRECTION: a-a

F

TEST / GRAPH NO.: 9/2412.9

PULL

| §
- |
CUT TO 114" | 21 )
CENTER WIDTH |
_\ C:
Y Y m— .
___________ 8
::::ff] <
= ek
41
P
[
Y
. 4" >
PULL

1. MATERIAL (ITEM 1), DACRON, 1.25 0Z/YD.2

[RIAIVIEIN]

industries, inc.

P
/8" 2"
4 _‘-

2. THREAD (ITEM 2), DACRON, V-T-285, SIZE “E“, TYPE I, CLASS 3

3. SEAM, FRENCH FELL, FED. STD. 751, TYPE Lc-2

4. STITCH, TYPE 301, 7-12 STITCHES / INCH, DOUBLE NEEDLE, 3/8" GAUGE

44




LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175

TEST/GRAPH NO.: 9/2412.9

Main Jesm LOCATION REFERENCE: P
LOAD DIRECTION: a-a
TEST OBJECTIVE: Determine ultimate strength of nmain seam in candpy
cloth _
TEST SAMPLE CONFIGURATION:
DIMENSIONS: 4 inches x 8 inches 2
MATERIAL: Canopy cloth, Dacron, 1.2S% oz/yd
STITCH: Type 301, 7 -12 stitches/inch
THREAD: Dacron, V-T-285, size "E*, Type I, Class 3
TEST PROCEDURE:
METHOD: 5100 per Pred. Spec. CCC-T-191

LOAD RATE: 12 inches/minute .
INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

TEST DATA:

R—

SAMPLE NO. | ULTIMATE STRENGTH TEST TERMINATION

) § 51 1b. ' Fabric Rupture

2 50 1b. Fabric Rupture

3 47 lb, Pabric Rupture

4 S1 1b. Fabric Rupture

S 51 1b, Fabric Rupture
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5 (51 + 50 + 47 + 51 + 51) = S0 1b.

2. RATED STRENGTH = Min. ultimate strength of canopy cloth
v (Ravel strip test results, f£ill direction)

= 41 1b/in

: 47 1b
3. MINIMUM ULTIMATE STRENGTH -;—5%—-1,.. = 37.6 1lb/4in

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

- 91.7 z

REMARKS/CONCLUSIONS:
[RIAVIEIN]
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DESCRIPTION: MAIN SEAM

LOCATION REFERENCE: F

LOAD DIRECTION: b-b

TEST / GRAPH NO.: 10/2412.10

PULL
e

MATERIAL (ITEM 1), DACRON, 1.25 0Z/YD .2

[RIAVIEIN]

industries, inc.

THREAD (ITEM 2), DACRON; V-T-285, SIZE "E*, TYPE I, CLASS 3

SEAM, FRENCH FELL, FED. STD. 751, TYPE Lc-2

STITCH, TYPE 301, 7-12 STITCHES 7/ INCH, DOUBLE NEEDLE, 3/8" GAUGE

46




LABORATORY MATERIAL TESTS AND TEST .DATA

TEST ITENM: PROJECT NO.: 14175%
: TEST/GRAPH NO.: 10/2412.10

Main Seam LOCATION REFERENCE: F
LOAD DIRECTION: b-b
TEST OBJECTIVE: Determine ultimate strength of main seam in canopy -
cloth :

TEST SAMPLE CONFIGURATION: '

DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy cloth, Dacron, 1.2% oz/yd2
! STITCH: Type 301, 7-12 stitches/inch |

THREAD: Dacron, V-T-285, Size "E", Type I, Class 3
TEST PROCEDURE:

METHOD: 5100 per Fed. Spec CCC-T-191

LOAD RATE: 12 inches/minute -
INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA: ‘ :
SAMPLE NO. ULTIMATE STRENGTH . TEST TERMINATION
1 150 1b, Fabric Rupture
2 146 1b. Fabric Rupture
3 153 1b, A Fabric Rupture
4 160 1b, Pabric Rupture
S 146 1b. _ Pabric Rupture

——
AR

CALCULATIONS: | -
1. AVERAGE STRENGTH = 1/5(150 4 146 + 153 + 160 + 146) = 151 1b.

2. RATED STRENGTH = ¢ x min, ultimate strength of can:., cloth
(Ravel strip test results, warp direction)

= 4 x 435 lb,
3. MINIMUM ULTIMATE STRENGTH = 146 1b,

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

* 1467180 .
. 81.1 %

REMARKS/CONCLUSIONS:

»
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DESCRIPTION: RADIAL TAPE ON CANOPY CLOTH

LOCATION REFERENCE: 6

LOAD DIRECTION: a-a

TEST / GRAPH NO.: 11/2412.11

NOTES:

o w N [
L ] .

) |
v I ;;‘I—i
_________________ ;

© MATERIAL (ITEM 1), DACRON, 1.25 0Z/vp.2

TAPE (ITEM 2), DACRON, 3/4" WIDE X 750 LB. TENSILE
THREAD (ITEM 3), DACRON, YPTQZBS. SIZE “E", TYPE I, CLASS 3
STITCH, TYPE 301, 7-12 STITCHES/INCH
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175
TEST/GRAPH NO.: 11/2412.11
Radial Tape on Canopy Cloth LOCATION REFERENCE: G
LOAD DIRECTION: a-a

TEST OBJECTIVE: Determine ultimate strength of radial tape on
canopy cloth test sanmple

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy cloth, Dacron, 1.25 oz/y dz
Radial tape, Dacron, 3/4 inch wide x 750 1b, tensile

strength
STITCH: Type 301, 7-12 atitches/inch
THREAD: Dacron, V-T-285, Size "E", Type X, Class 3

TEST PROCEDURE:

METHOD: 5100 per Ped. Spec. ccc-r-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

TEST DATA: :
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
1 960 lb, | Sample Failure
2 950 1b. Sample Failure
3 980 1b, Sample Failure
4 1020 1b, Sample Pailure
5 920 1b, ' Sample Failure
CALCULATIJIONS:

1. AVERAGE STRENGTH = 1/5 (960 + 950 + 980 + 1020 + 920) = 966 1b.

2. RATED STRENGTH =  min. ultimate strength of tape + min. ultimate
strength of canopy cloth (ravel strip test
results, fill direction)

= 990 + 41 = 1031 1b,
3. MINIMUM ULTIMATE STRENGTH = 920 1b.
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. ‘STRENGTH/RATED STRENGTH
= 92071031
. 89.2 %

REMARKS/CONCLUSIONS:

49 RIAVIEIN]

industries, inc.

£ e —————— ¥ i A e - e e - - =~ - -




I LI E R E ll- ———— -ll]-ili-f:;;-

DESCRIPTION: RADIAL TAPE ON CANOPY CLOTH
LOCATION REFERENCE:
LOAD DIRECTION: pep

TEST / GRAPH NO.: 12/2412.12

PULL

o\ T

T
CUuT TO 1 I/4" '
CENTER WIDTH \
_ 2f§::> -
..... g — e
= =X
1 —-J 1 va" L'-
~ .
A |
———— §° ———

PULL

NOTES: |
1. MATERIAL (ITEM 1), DACRON, 1.25 0Z/YD.2

2. TAPE (ITEM 2), DACRON, 3/4" WIDE X 750 LB. TENSILE
3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "E", TYPE I,

4. STITCH, TYPE 301, 7-12 STITCHES/INCH

374"
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- LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175

TEST/GRAPH NO.: 12/2412.12

Radial Tape on Canopy Cloth LOCATION REFERENCE: G

LOAD DIRECTION: b-b

TEST OBJECTIVE: Determine ultimate strength of radial tape on canopy cloth test
samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 inches x 8 inches
MATERIAL: Canopy cloth, dacron, 1.25 oz./yd.?
Radial tape, dacron, 3/4 in. wide x 750 lb, tensile strength

STITCH: Type 301, 7-12 stitches/inch :
THREAD: Dacron, V-T-285, size "E", Type I, Class 3

TEST PROCEDURE:

METHOD: 5100 per Fed. Spec. CCC-T-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

TEST DATA: "
SAMPLE NO. ULTIMATE STRENGTH : : TEST TERMINATION
1 54 1lb, o Sample Failure
2 47 1b. Sample Failure
3 S1 1b. - Sample Falilure
4 48 lb. Sample Failure
5 48 1b. Sample Pailure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5 (54 + 47 + 51 + 48 + 48) = 49,6 )b,
2. RATED STRENGTH = |
‘ Min. ultimate strength of canopy cloth (ravel strip
test results, warp direction) = 45 lb./in.

3. MINIMUM ULTIMATE STRENGTH = 48/1.25 = 38,4 1b./in.

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= 38,4/45
- 85.3 %

REMARKS/CONCLUSIONS:

-‘ | ., BEAVEN|
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DESCRIPTION: RADIAL TAPE ACROSS MAIN SEAM
LOCATION REFERENCE: M
LOAD DIRECTION: a-a

TEST / GRAPH NO.: 13/2412.13

PULL

— I
N .
L |
I
1 ==4 | | T ¥
8" -
. - 38" /2
P 1 e
v o
-
w [ |
o
L1 |
- 4* .

PULL

MATERIAL (ITEM 1), DACRON, 1.25 OZIYD.Z

"TAPE (ITEM 2), DACRON, 3/4"HIDE X 750 LB. TENSILE

THREAD (ITEM 3)..DACRON. V-T-285, SIZE “E", TYPE I, CLASS 3
STITCH, TYPE 301, 7-12 STITCHES/INCH .
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEN: PROJECT NO.: 14175 | ]

TEST/GRAPH NO.: 13/2412,13
Radial Tape Across Main Seam

LOCATION REFERENCE: H
LOAD DIRECTION:a-a

TEST OBJECTIVE: Determine ultimate strength of radial tape across main seam test 1
samples.,

TEST SAMPLE CONFIGURATION:
DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy cloth, dacron, 1.25 oz./yd.?

Radial tape, dacron, 3/4 inch wide x 750 1b. tensile strength
STITCH: Type 301, 7 -12 stitches/ inch
THREAD: Dacron, V-T-285, Size "E", Type I, Class 3

TEST PROCEDURE:
METHOD: 5100 per Fed. Spec. CCC-T-191
LOAD RATE: 12 inches/minute .
INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA: . ‘ : ,
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION

1 970 1b, ‘ Sample Pailure

2 94S 1b. ' Sample Failure

3 ' 930 1b., Sample Failure

4 ' 1000 1b. Sample Failure

5 985 1b, Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5( 970 + 945 + 930 + 1000 + 985 ) = 966 Ib.
2. RATED STRENGTH = Min, ultimate strength of tape + Min. ultimate strength of

canopy cloth (ravel strip method, fill direction)
= 990 + _41 =1031 1b.

3. MINIMUM ULTIMATE STRENGTH = 930 Ib.
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
- 930/1031

REMARKS/CONCLUSIONS:

RIAIVIEIN
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DESCRIPTION: RADIAL TAPE ACROSS MAIN SEAM

LOCATION REFERENCE: H
LOAD DIRECTION: b-b

TEST / GRAPH NO.: 14/2412.14

1
. PULL PULL Y F
- g /8" et
) v )
g— 8"
NOTES:

1. MATERIAL (ITEM 1), DACRON , 1.25 0Z/¥D.2 |

2. TAPE (ITEM 2), DACRON, 3/4" WIDE X 750 LB. TENSILE

3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "E", TYPE I, CLASS 3
4. STITCH, TYPE 301, 7-12 STITCHES/INCH




LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175

TEST/GRAPH NO.: 14/2412.14

Radial TavPe Across Main Seam LOCATION REFERENCE: H

LOAD DIRECTION: b-b

TEST OBJECTIVE: Determine ultimate strength of radial tape across main seam test
samples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: 4 inches x 8 inches

MATERIAL:  Canopy cloth, dacron, 1.25 0z./yd.2
Radial tape, dacron, 3/4 inch wide x 750 lb. tensile strength

STITCH:  Type 301, 7-12 stitches/inch
THREAD: Dacron, V-T-285, Size "E", Typel, Class 3

TEST PROCEDURE:

METHOD: 5100 per Fed. Spec. CCC-T-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA: . :
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION

1 165 lb. Sample Failure
2 163 1b, Sample Fatlure
3 160 1b. Sample Fatlure
4 163 1b, Sample Failure
5 150 1b. Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5( 165+ 163 + 160 + 163 + 150) =160 1b,
2. RATED STRENGTH = 4 x Min, ultimate strength of canopy cloth (ravel strip test
results, warp direction) = 4 x 45 = 180 1b.

3. MINIMUM ULTIMATE STRENGTH = 150 lb.
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

= 150/180
= 8303 ’

REMARKS/CONCLUSIONS:

industries, inc.
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DESCRIPTION:
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RADIAL TAPE ON SKIRT EDGE HEM

LOCATION REFERENCE: I

LOAD DIRECTION: a-a

TEST / GRAPH NO.

PULL
-

NOfES:
1.
2.
3.
4.

: 15/2412. 15

PULL l,tzn Aslls.
o e e e — —T ¢
g 1 F
@ i
' FILL

nATERiAL (ITEM 1), DACRON, 1.25 0Z/YD. 2

TAPE (ITEM 2), DACRON, 3/4" NIDE X 750 LB. TENSILE

THREAD (ITEM 3), DACRON, V-T-285, SIZE "E", TYPE 1, CLASS 3
STITCH, TYPE 301, 7-12 STITCHES/INCH

356




LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: ' PROJECT NO.:

TEST/GRAPH NO.:
Radial Tape on Skirt Edge / 15/2412.15

Hem LOCATION REFERENCE: I
LOAD DIRECTION: - a-a

TEST OBJECTIVE: Determine ultimate strength of radial tape on skirt
edge hem test samples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: 2 inches x 8 inches

MATERIAL: Canopy cloth, Dacron, 1.25 oz/yd2
Radial tape, Dacron, 3/4 inch wide x 750 1b tensile strength

STITCH: Type 301, 7-12 stitches/inch
THREAD: Dacron, V-T-285, size "E", Type I, Class 3

TEST PROCEDURE: ,
METHOD: 5100 per Fed. Spec. CCC-T-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

TEST DATA:
SAMPLE NO. ULTIMATE STRENGTH TJEST TERMINATION

1 No Test Jaw Slippage
2 No Test Jaw Slippage
3 860 1b Sample Failure
4 930 1b Sample Pailure
S 1020 1b Sample Failure
6 1030 1b Sample Failure
7 1020 1b . Sample Failure

CALCULATIONS:

1. AVERAGE STRENGTH =1/5(860 + 930 + 1020 + 1020 + 1020) = 972 1b

2. RATED STRENGTH = Min. ultimate strength of tape + min. ultimate
strength of canopy cloth (ravel strip test results,
warp direction)

| « 990 + (45 x 3) = 1125 1b
3. MINIMUM ULTIMATE STRENGTH = 860 1b ~
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

* 860/1125 '
= 760‘ z

REMARKS/CONCLUSIONS:

<y [RIANVEN
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DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON CANOPY CLOTH

LOCATION REFERENCE: J

LOAD DIRECTION: a-a

TEST / GRAPH NO.: 1672412.16 ‘

NOTES:
1.
2.
3.

PULL

|

T T
(. %‘
@'Y\__l[\: 1;
L.;' { '
--=-=<1 1F---1 & ]
UG | Y RO 72
7L—' ! ‘ L)
@ éj/": !
| .
. I
[ Y
L‘ q A
- PULL

MATERIAL (ITEM 1), DACRON , 1.25 02/vD.2

TAPE (ITEM 2), DACRON, 3/4" WIDE X 750 LB. TENSILE

THREAD (ITEM 3), DACRON, V-T-285, SIZE "E", TYPE I, CLASS 3
STITCH, TYPE 301, 7-12 STITCHES/INCH
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: : PROJECT NO.: 14175

TEST/GRAPH NO.:
Radial Tape on Radial Tape on 187241208
Canopy Cloth LOCATION REFERENCE: J
LOAD DIRECTION: a-a

TEST OBJECTIVE: Determine ultimate strength of radial tape on radlal
: ~tape on canopy cloth test samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy cloth, Dacron, 1.25 oz/yd?2
Radial tape, Dacron, 3/4 inch wide x 750 lb. ‘tensile

strength
STITCH: Type 301, 7-12 stitches/inch
THREAD: Dacron, V-T-285, size "E", Type 1, Class 3
TEST PROCEDURE:
METHOD: 5100 per Ped. Spec. CCC-T~191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA: _
SAMPLE NO. ' ULTIMATE STRENGTH TEST TERMINATION
1l 875 1b, Sample Pallurge
2 1000 1b, Sample Failure
3 970 1b, Sample Pailure
4 950 1b. Sample Faflure
S 835 1b. _ Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5(875 + 1000 + 970 + 950 + 835) = 926 1lb.

2. RATED STRENGTH = Min. ultimate strength of tape & min. ultimate
strength of canopy cloth (ravel strip test
results, warp direction)

- 990 + 45 = 1035 1b.

3. MINIMUM ULTIMATE STRENGTH = 835 1b.
4, MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

® 835/1035
= 80,7 %

REMARKS /CONCLUSIONS:

RIANVEN]
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DESCRIPTION:  RADIAL TAPE ON RADIAL TAPE ON CANOPY CLOTH

LOCATION REFERENCE: J

- I

LOAD DIRECTION: b-b -

TEST / GRAPH NO.: 17/2412.17
- PULL

K

N

25 !
oA i
i

1. MATERIAL (ITEM 1), DACRON , 1.25 0Z/YD.2

2. TAPE (ITEM 2), DACRON, 3/4" WIDE X 750 LB. TENSILE

3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "E", TYPE I, CLASS 3
4. STITCH, TYPE 301, 7-12 STITCHES/INCH

60
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" LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEN: PROJECT NO.: 14175
. TEST/GRAPH NO.: .
Radial Tape on Radial Tape on / 17/2412.17
Canopy Cloth LOCATION REFERENCE: g
LOAD DIRECTION: b-b

TEST OBJECTIVE: petermine ultimate strength of radial tape on radial
tape on _canopy cloth test samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 fnches x & inches , ,
MATERIAL: Canopy cloth, Dacron, 1.25 oz/yd2
Radial tape, Dacron, 3/4 inch wide x 750 1b. tensfle

strength
STITCH: Type 301, %12 stitches/inch
THREAD: Dacxon, V-T-285, Size "E", Type I, Class 3
TEST PROCEDURE:
METHOD: 3100 per Fed. Spec CCC-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc., Materials Test System, Mod.No. LF 7445-20

TEST DATA: : »
SAMPLE NO. ' ULTIMATE STRENGTH TEST TERMINATION
1 950 1b, ~ Sample Failure
2 943 1b., Sample Failure
3 910 1b. Sample Failure
4 955 1b, Sample Pailure .
3 910 1b. : Sample Pailure-
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5 (950 + 945 + 910 -+ 955 + 910) = 934 1b,
2. TH = Nin. ultimate strength of tape + min. ultimate
2. RATED STRENGTH strength of éanvpy cloth (ravel stzip test
résults, £411 direotion) :
® 990 + 41 = 1031 1b,

3. MINIMUM ULTIMATE STRENGTH = 939 1b,

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= 910¢/1031

REMARKS/CONCLUSIONS:

el
LA

RIAVIEN]

. 61 industries, inc,




p-~—

~ . e
| I‘l’ E EE 3 & B En E3 ﬁi' 3 B 8 B On Em llr =3

AVIEIN

industries, inc.

DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MAIN SEAM

LOCATION REFERENCE: k
LOAD DIRECTION: a-a

TEST / GRAPH NO.: 18/2412.18

PULL S ]L--—-- TR A —— ¢
B —— 4

NOTES: o .y
MATERIAL (ITEM 1), DACRON, 1.25 oz/vo.2

TAPE (ITEM 2), DACRON, 3/4" WIDE x 750 LB. TENSILE

THREAD (ITEM 3), DACRON, V-T-285, SIZE *E*, TYPE I, CLASS 3-

STITCH, TYPE 301, 7-12 STITCHES/INCH
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LABORATORY MATERIAL TESTS AND TEST DATA
TEST ITEM: PROJECT NO.: 14175

TEST/GRAPH NO.: 18/2412.18
Radial Tape on Radial Tape _
on Main Seam LOCATION REFERENCE: K
LOAD DIRECTION: a-a

o

TEST OBJECTIVE: Determine ultimate strength of radial tape on radial
tape on main seam test samples.

TEST SAMPLE CONFIGURATION:
DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy cloth, Dacron, 1.25 oz/y dz
Radial tape, Dacron, 3/4 inch wide x 750 1b tensile strength

STITCH: Type 301, 7-12 stitches/inch
THREAD: Dacron, V-T-285, Size "E", Type I, Class 3

TEST PROCEDURE: :
METHOD: 5100 per Ped. Spec. CCC-T-191
LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445 20

! TEST DATA:
SAMPLE NO. ULTIMATE STRENGTH - TEST TERMINATION
1 920 1b Sample Failure
2 910 1b Sample Failure
3 830 1b o Sample Pailure
4 895 1b Sample Failure
5 985 1b Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH =1/5(920 + 910 + 830 + 895 + 985) = 908 1b

2. RATED STRENGTH = Min. ultimate strength of tape + 4 x min. ultimate
strength of canopy cloth (ravel strip test results,
warp direction)

= 990 + (4)(45) = 1170 1b

3. MINIMUM ULTIMATE STRENGTH = 830 1b

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= 830/1170
= 70.9 4

REMARKS/CONCLUSIONS:»

[RIAVIEIN]

industries, inc.
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DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MAIN SEAM

LOCATION REFERENCE: K
LOAD DIRECTION: b-b
TEST / GRAPH NO.: 19/2412.19

PULL»

G ' )4-(:).

T 7
. jl
1l e
il !
N D 12" —’m:_L
——— 1T | ' T Ly
) jl
Va2
| L
- ¢ -
l
PULL

1. MATERIAL (ITEM 1), DACRON, 1.25 02/YD.2
2. TAPE (ITEM 2), DACRON, 3/4" WIDE x 750 LB. TENSILE

3. THREAD (ITEM 3), DACRON, V-T-285, SIZE “E", TYPE I, CLASS 3
4. STITCH, TYPE 301, 7-12 STITCHES/INCH
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITENM: PROJECT NO.: 14175

TEST/GRAPH NO.: 19/2412.19
Radial Tape on Radial Tape
on Main Seam LOCATION REFERENCE: KX
LOAD DIRECTION: b-b

TEST OBJECTIVE: Determine minimum ultimate strength of radial tape
on radial tape on main seam test sample -

TEST SAMPLE CONFIGURATION: “
DIMENSIONS: 4 inches x 8 inches ‘ _ |

MATERIAL: Canopy cloth, Dacron, 1.25 oz/yd2 .
Radial Tape,. Dacron, 3/4 inch wide x 750 1b tensile strength

STITCH: Type 301, 7-12 stitches/inch

THREAD: Dacron, V-T-285, Size "E", Type I, Class 3
TEST PROCEDURE:

METHOD: 5100 per Fed. Spec. CCC~T-191 -

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc., Materials Test System, Mod.No. LF 7445-20

P

TEST DATA: v _
SAMPLE NO. ULTIMATE STRENGTH ' TEST TERMINATION
1l 940 1b * Sample Failure
2 910 1b . Sample Frailure
3 1000 1b Sample Failure
4 970 1b o Sample Failure
S 890 1b- Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5(940 + 910 + 1000 + 970 + 890) =

2. RATED STRENGTH = Min. ultimate strength of radial tape + min.
- ultimate strength of canopy cloth (ravel strip
test resultq, £111 direction)

= 990 + 41 = 1031 1b
3. MINIMUM ULTIMATE STRENGTH = 890 1b
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
: * 890/1031 S
=  86.3 3

REMARKS/CONCLUSIONS:

s REAVEN
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DESCRIPTION: RADIAL TAPE ON MINOR-TO-MAJOR PANEL SEAM

LOCATION REFERENCE:

LOAD DIRECTION: a-a

. TEST / G6RAPH NO.: 20/2412.20

!

)

NOTES:

L]

» w N e
hag

. PuLL

CutT TO 1 /8"
CENTER WIDTH

. — /8" ¥ |
1/12 _H T 34

MATERIAL (ITEM 1), DACRON, 1.25 OZ/YD.z

TAPE (ITEM 2), DACRON. 3/4" WIDE x 750 LB. TENSILE

THREAD (ITEM 3), DACRON, VoT;285. SIZE “E", TYPE I, CLASS 3
STITCH, TYPE 301, 7-12 STITCHES/INCH




LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: | PROJECT NO.:

TEST/GRAPH NO.: 20,2412, 20
dial T Minor-to-Majo
pacisl sapé on Minor Jor  I'LoCATION REFERENCE: L
LOAD DIRECTION: a-a

TEST OBJECTIVE: - petermine ultimate strength of radial tape on
minor-to-major panel seam test samnles

TEST SAMPLE CONFIGURATION: T
DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy cloth, Dacron, 1.25 oz/’yd2
Radial tape, Dacron, 3/4 inch wide x 730 lb tensile
strength

STIBCH: Type 301, 7-12 stitchea/inch

THREAD: Dacron, V-T-285, Size "E", Type I, Class 3

TEST PROCEDURE:

METHOD: 5100 per Ped. Spec CCC-T-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

P 1 Bicxad e bl My etiiand i  aaad ”.‘- S—

TEST DATA: .
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
'1 42 1b Sample Pallure
2 45 b Sample Pailure
3 43 1b Sample Pailure
4 43 1» Sample Pailure
S 485 1b : Sample Pajilure
N CALCULATIONS:
1. AVERAGE STRENGTH = 1/5(42 ¢+ 43 + 43 4 43 + 48) = 43.6 1b
2. RATED STRENGTH = Min, ultimate strength of canopy cloth (ravel
4 strip test results, £i11 direction)
} - 41 1b/inch
: 3. MINIMUM ULTIMATE STRENGTH = 42/1.125 = 37.33 1b/in
~ 4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
1 = 37.33/41
) =9%.0 I
1 [REMARKS7CONCLUSTONS ;
4 [RIA[VIEIN]
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DESCRIPTION: RADIAL TAPE ON MINOR-TO-MAJOR PANEL SEANM

LOCATION REFERENCE: L
LOAD DIRECTION: b-b

TEST / GRAPH NO.: 21/2412.21

VA
A

n
-
-~

-— 4 \ —_— 12 J[ 3/4
L I e . g L
- WARP » |
1

8" —— J MINOR

PANEL

i
I NOTES: o | v
1. MATERIAL (ITEM 10, DACRON, 1.25 0Z/YD.2
' " 2. TAPE (ITEM 2), DACRON, 3/4" WIDE x 750 LB. TENSILE .
l 3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "E, TYPE I, CLASS 3
4. STITCH, TYPE 301, 7-12 STITCHES/INCH
i
i




L'ABORATORY MATERIAL TESTS AND TEST DATA

TEST ITENM: PROJECT NO.: 14175

TEST/GRAPH NO.: 21/2412.21
Radial Tape on Minor-to-Major

Panel Sean LOCATION REFERENCE: L
o LOAD DIRECTION: b-b

TEST OBJECTIVE: petermine ultimate strength of radial tape on minor-to-
major panel seam test samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 inches x 8 inches ’
MATERIAL: Canopy cloth, Dacron, 1.2% oz/yd2
| Radial tape, Dacron, 3/4 inch wide x 750 1b tensile strength

STITCH: Type 301, 7-12 stitches/inch

THREAD: Dacron, V-T-285, Size "E", Type I, Class 3 -
TEST PROCEDURE:

METHOD: 5100 per Ped. Spaec. CCC-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc., Materials Test System, Mod.No. LF 7445-20

TEST DATA:

SAMPLE NO. ULTIMATE STRENGTH _ TEST TERMINATION
1 1070 1b Sample Failure
2 1010 1b Sanple Failure
.3 1100 ib Sample Failure
4 1020 1b Sample Failure
S 1020 1b Sample Failure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5(1070 + 1010 + 1100 + 1020 + 1020) = 1044 1b

2. RATED STRENGTH = Min. ultimate strength of radial tape + S5 x min.

ultimate strength of canopy cloth (ravel strip
test results, f4i11 direction)

@ 990 + (S x 41) = 1195 1b
3. MINIMUM ULTIMATE STRENGTH = 1010 1b . '
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

= 1010/118§
- : 3‘ .5 z

REMARKS /CONCLUSIONS:

H

L [RIAVIEIN]

69 industries, inc.




RIAVIEIN

"industries, inc.

DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MINOR TO-MAJOR PANEL
SEAM (AT CORNER CUT- ouT)

LOCATION REFERENCE: M

gy

2 ey
(IR Siiorid

LOAD DIRECTION: a-a

TEST / GRAPH NO.: 22/2412.22

1
? MINOR e g .
' PANEL A A B4
R | T ' !
J ‘ FILL o WARP
- | 1 *
S | gy No T S AT A - PULL ~ 1
v 3[‘-1— [/g“—‘. _______ ] 4 _j . 1 T
w*—u ¥ _ Y 3"
: WARP ' 8
|
1
.3 SECTION A-A L@ SECTION B-8B
| B-+— \_MAJOR
PANEL

o

1 | wotes:

: 1. MATERIAL (ITEM 1), DACRON, 1.25 0Z/YD.2

1 2. TAPE (ITEM 2), DACRON, 3/4" WIDE x 750 LB. TENSILE

i 3. TMREAD (ITEM 3), DACRON, V-T-285, SIZE "E*, TYPE I, CLASS 3
a

. STITCH, TYPE 301, 7-12 STITCHES/INCH

1 ' ‘ 70




-

LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175
TEST/GRAPH NO.:
Radial Tape on Radial Tape On / 0.: 22/2412.22
Minor~-to-Major Panel Seam LOCATION REFERENCE: M
(at corner cut-out) LOAD DIRECTION: a-a

TEST OBJECTIVE: Determine ultimate strength of radial tape on radial
tape on minor-to-major panel seam test samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 inches x 8 inches
MATERIAL: Canopy cloth, Dacron, 1.2502/’:{62 _
Radial tape, Dacron, 3/4 inch wide x 750 1b tensile strength

STITCH: Type 301, 7-12 stitches/ingh
THREAD: Dacren, V-T-285, Size "E", Type I, Class 3

TEST PROCEDURE:

METHOD: $100 per Ped. Spsc CCC-T-191
LOAD RATE: 12 inches/minute

INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA:
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
1 950 b Sampie Failure
2 940 1b Sanmple Pailure
3 990 1» Sample PFailure
4 960 1b Sample Failure
s .. 1000 1b . Sample Pailure
CALCULATIONS: ' '

1. AVERAGE STRENGTH =1/5(950 ¢ 940 + 990 + 960 + 1000) = 968 1b

2. RATED STRENGTH = Min, ultimate strength of radial tape + 3 x minimum
ultimate strength of canopy cloth (ravel strip
test results, £1i11 direction)

= 990 + (3 x 41) = 1113 b,

3. MINIMUM ULTIMATE STRENGTH = 940 1b o
* 4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
i = 940/1113
= 84.9 z

|

REMARKS/CONCLUSIONS:

" [RIAVIEIN]
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DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MINOR-TO-MAJOR PANEL

SEAM (AT CORNER CUT-0UT)

LOCATION REFERENCE: N

LOAD DIRECTION: b-d

TEST / GRAPH NO.: 23/2412.23

MINOR ' 

PANEL e 4" =
_-—\\\\\\\ - o
1

- SECTION A-A

NOTES :

/ L]
8-
el .
-l
| -
] i
|
MAJOR
PULL PANEL

MATERIAL (ITEM 1), DACRON, 1.25 0Z/YD. 2

TAPE (ITEM 2), DACRON, 3/4 " WIDE x 750 LB. TENSILE

'SECTION B-B

THREAD (ITEM 3), DACRON, V-T-285, SIZE "E", TYPE I, CLASS 3

STITCH, TYPE 301, 7-12 STITCHES/ INCH
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LABORATORY MATERIAL TESTS AND TEST DATA

@ |rest 1ren: PROJECT NO.: 14175
27| Raatal Tape on Raaial Tape TEST/GRAPH NO.: 23/2412.23
on Minor-To-Mijor Panel Seam | |(0CATION REFERENCE: M
(at corner cut-out) - LOAD DIRECTION: b-b

TEST OBJECTIVE: Determine ultimate strength of radial tape on radial
tape on minor-to-major panel seam test samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 inches x 8 inches 2
MATERIAL: Canopy cloth, Dacron 1.25 os/yd
Radial tape, Dacron, 3/4 inch wide x 750 1lb tensile strength

woieid

STITCH: Type 301, 7-12 stitchas/inch
THREAD: Dacron, V-T-285, Size "E", Type I, Class IIX

TEST PROCEDURE: »
METHOD: 5100 per PFed. Spec. CCC-T-191
LOAD RATE: 12 inches/minute -

INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

. |TEST DATA: ‘
' SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
' ? 1 960 1b Sample Failure
; 2 1040 1b Sample Failure
3 970 1b Sample PFailure
4 980 1b Sample Failure
S 980 1b Sample Failure
L |eacuiations:
1. AVERAGE STRENGTH = 1/5(960 + 1040 + 970 4+ 980 + 980) = 986 lb
2. RATED STRENGTH = Min. ultimate strength of radial tape + 3 x min.
e ultimate strangth of cancpy cloth (ravol -trlp

b

test rtlults s £411 direction)

= 990 + (3 x 41) = 1113 )b
3 MINIMUM ULTIMATE STRENGTH = 960 1b

4, MATERIAL/JOINT/SEAM EFFICIENCY = MIN, ULT. STRENGTH/RATED STRENGTH

* 960/1113
| " 86.3

fs a3

REMARKS/CONCLUSIONS:

[RIAVIEIN]
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DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MINOR-TO;MAJOR PANEL

SEAM (NO MAIN SEAM)

LOCATION REFERENCE: N

LOAD DIRECTION: a-a

TEST / GRAPH NO.: 24/2412.24

PULL

=
o

NOTES:
1.

3l
4.

t FILL ‘

MATERIAL (ITEM 1), DACRON, 1.25 0Z/YD.2

MINOR (:);7\\\ MAJOR
PANEL A-l /  PANEL

TAPE (ITEM 2), DACRON, 3/4" WIDE x 750 LB. TENSILE

R I

SECTION A-A

vTHREAD (ITEM 3), DACRON, V-T-285, SIZE "E", TYPE I, CLASS 3
- STITCH, TYPE 301, 7-12 STITCHES/INCH»
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“ . LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14178

TEST/GRAPH NO.: 24/2412.24
Radial Tape on Radial Tape on
Minor-to-Major Panel Seam (No LOCATION REFERENCE: N
Main Sean) LOAD DIRECTION: a-a

TEST OBJECTIVE: petermine ultimate strength of radial tape on radial
tape on minor-to-major panel seam test samples

TEST SAMPLE CONFIGURATION:

DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy cloth, Dacron, 1.28 os/yd
Radial tape, Dacron, 3/4 inch wide x 750 1b tensile strength

STITCH: Type 301, 7-12 stitches/inch

THREAD: Dacron, V-T-28S, Size "BE", Typs I, Class 3
TEST PROCEDURE: ‘

METHOD: 5100 per PFed. Spec. CCC-T—IQI

LOAD RATE: 12 inches/minute - . ’ ’
INSTRUMENTATION: .Fesearch Inc, Matoerials Test System, Mod.Mo. LF 7445-20

TEST DATA: :
SAMPLE NO. ~ ULTIMATE STRENGTH TEST TERMINATION
) § 1010 b Sample Failure
2 920 1b Sanple Failure
3 980 1b Sample Fallure
4 940 1b Sanple Failure
S 830 1b v Sample Pailure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/6(1010 4 920 ¢ 980 + 940 + 830) = 936 1b,

2. RATED STRENGTH = Min. ultinate strength of radial tape + min.
ultimate strength of OQROTY cloth (ravel strip
test results, fill directlod)

“m 990 4+ 41 = 1031 1d>
3. MINIMUM ULTIMATE STRENGTH = g30 1b ,
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= 830/1031
= 80'5 b 4

REMARKS/CONCLUSIONS:

[RIAVIEIN]
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SEAM (NO MAIN SEAM)
LOCATION REFERENCE: N

bd

LOAD DIRECTION: b-b

L= e

TEST / GRAPH NO.: 25/2412.25

MINOR PULL

=]

PANEL 1 | | AJ0R
1 (:;:;T\\ v/ PANEL
’ | . I .

s R e

ever

o vv:fa_

o
‘3
4

 Ho

°
rC_-.__
r

- NOTES: |
1. MATERIAL (ITEM 1), DACROK, 1.25 0Z/YD.2
2. TAPE (ITEM 2), DACRON, 3/4* WIDE x 750 LB. TENSILE

vad B3

4. STITCH, TYPE 301, 7-12 STITCHES/INCH

e = ,,

[RIAVIEIN]

industries, inc.

DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MINOR-TO-MAJOR PANEL

172

3. THREAD (ITEM 3), DACRON, V-T-285, SIZE “"E", TYPE I,

SECTION A-A

CLASS 3

76
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 1439s%

Radial Tape on Radial Tape on | 'EST/GRAPH NO.: 25,2472 2%

Minor-to-Major Panel Sean ]
(No Main Seanm) LOCATION REFERENCE: N

LOAD DIRECTION: b-b

TEST OBJECTIVE: Determine ultimate strength of radial tape on radial
tape on minor-to-major pansl seam test sanples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: 4 inches x 8 inches

MATERIAL: Canopy Cloth, Dacron, 1.25 o:/ydz
Radial tape, Dacron, 3/4 inch wide x 750 1b tensile strength

STITCH: Type 301, 7-12 stitches/inch

THREAD: Dacron, V-T-285, Size "E", Type I, Class 3
TEST PROCEDURE:

METHOD: 5100 Per Fed. Spec. CCC-T-191

LOAD RATE: ' 12 inch%s/minute
INSTRUMENTATION: FResearch Inc. Matcerials Test System, Mod.No. LF 7445-20

TEST DATA: -
SAMPLE NO. ULTIMATE STRENGTH : TEST TERMINATION
1 1120 b Sample Failure
3 960 1b Sample Failure
3 1060 1b Sample Failure
4 1070 1» Sample Pailure
S 1070 b Sample Failure
]
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5(1120 + 960 + 1060 + 1070 + 1070) = 1056 1lb

2. RATED STRENGTH = Min., ultimate strength of radial tape + S5 x
rin., ultimate strength of canopy cloth (ravel
strip test results, f£1ill Adirxection)

w 990 ¢ (5 x 41) = 1195 1b
3. MINIMUM ULTIMATE STRENGTH = 980 1b

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= 960/1198 '
-* 80,3 L

JREMARKS/CONCLUSIONS:

. | ,, EENVER
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DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MINOR-TO-MAJOR PANEL
SEAM (ON MAIN SEANM)

LOCATION REFERENCE: 0

LOAD DIRECTION: a-a
TEST / GRAPH NO.: 26/2412,25

MINOR
PANEL

. L
“““““ = T L

g’ SECTION A-A

Tv
c
C
r
T
i
|
[»
|
!
l
|
|
I
|
l
|
v
=
-~
e~

I NOTES: | | :
1. MATERIAL (ITEM 1), DACRON, 1.25 02/vp.2
l 2. TAPE (ITEM 2), DACRON, 3/4" WIDE x 750 LB. TENSILE
3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "E*, TYPE I. CLASS 3
" 4. STITCH, TYPE 301, 7-12 STITCHES/INCH |
|
I . 78
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: 14175
TEST/GRAPH NO.: 26/24}2,26
Radial Tape on Radial Tape On
Minor-to-Major Panel Seam (On LOCATION REFERENCE: o
Main Seam) LOAD DIRECTION: a-a

TEST OBJECTIVE: petermine ultimate strength of radial tape on radial
tape on ninor-to-mijor 35901 seam test .amplts

TEST SAMPLE CONFIGURATION: .
DIMENSIONS: 4 inches x 8 inches

MATERIAL:  canopy cloth, Dacron, 1.25% oz/’yd2
Radial Tape, Dacron, 3/4 inch wide x 750 1b. tensile strength

STITCH: Type 301, 7-12 stitches/inch

THREAD: Dacxon, V-T-285, Size "E", Type I, Class 3
TEST PROCEDURE:

METHOD: 5100 Per Fed. spac. CCC-T-IQI

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

TEST DATA: '
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION

1 1000 1b ' Sample Pailure
2 920 1b Sample Failure
3 - 1000 1b Sample Failure
4 990 1b Sarmple Failure
5 1030 b Sample railure

CALCULATIONS:

1. AVERAGE STRENGTH =1/5(1000 ¢ 920 + 1000 4 990 ¢ 1030) = 988 1b

'2. RATED STRENGTH = min, uylgimate strength of radial tape + min.
ultinate strength of ocanopy cloth (:avol steip
test tesults, £411 direction)

® 990 4 41 = 1031 1b
3. MINIMUM ULTIMATE STRENGTH = 930 1pb
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

* 9%20/103
* 89.2, %

REMARKS /CONCLUSIONS:

., [REVER]

industries, inc.
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SEAM (ON MAIN SEAM)
LOCATION REFERENCE: 0

LOAD DIRECTION: b-b
TEST / GRAPH NO.: 27/2412.27

MINOR PULL
PANEL 2 T 1

|

-0

AJ \MAJOR

PANEL

NOTES:

4. STITCH, TYPE 301, 7-12 STITCHES/INCH

RIA|VIEIN

industries, inc.

DESCRIPTION: RADIAL TAPE ON RADIAL TAPE ON MINOR-TO-MAJOR PANEL

j'..— = __{
2 0
P f 3/8"

1. MATERIAL (ITEM 1), DACRON, 1.25 OZ/VD.z
2. TAPE (ITEM 2), DACRON. 3/4" WIDE x 750 LB, TENSILE
3. THREAD (ITEM 3). DACRON, V-T- 285. SI1ZE “E“. TYPE I, CLASS 3

SECTION A-A

.
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: : ' PROJECT NO.: 14173

TEST/GRAPH NO.:421£1111‘21

Radial Tape on Radial Tape .
On Minor-to-Majoxr Panel Seam tggg‘g?gggﬁﬁgﬁF“CE- g-b
(On Main Seam) .

TEST OBJECTIVE: Determine ultimate strength of radial tape on radial
tape on minor-to-major panel seam test samples

TEST SAMPLE CONFIGURATION: ’
DIMENSIONS: 4 4inches x 8 inches

MATERIAL: Canoiy cloth, Dacron, 1.25 oz/ydz
Radial Tape, Dacron, 3/4 inch wide x 750 1lb tensile strengt)
STITCH: Type 301, 7-12 stitches/inch
THREAD: Dacron, V-T-285, Size "E®, Type I, Class 3
TEST PROCEDURE:
METHOD: 5100 Per Fed, Spec, CCC~-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Fesearch Inc. Matcerials Test System, “od.Mo. LI 7445-29

TEST DATA: _ :
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
1 1060 1b ' Sample Failure
2 1080 1b Sample Failure
3 1090 1b Sample PFailure
4 940 1b Sample Failure
S 910 1d Sample Pailure
1
CALCULATIONS:

1. AVERAGE STRENGTH = 1/5(1060 ¢+ 1080 + 1090 + 940 + 910) = 1016 1b

2. RATED STRENGTH = Min, ultimate strength of radial tape + S x min.
. ultimate strength of canopy cloth (ravel strip test
results, £41]1 directien)

: w 990 + (5 x 41) = 1195 1b
3. MINIMUM ULTIMATE STRENGTH = 930 1b
* 4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= 910/1198
- 76.2 1

REMARKS/CONCLUSIONS :

[RIAIVTEIN]

. . . 81 industries, inc.
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LOCATION REFERENCE: P
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DESCRIPTION: SUSPENSION LINE/RADIAL TAPE JOINT

LOAD DIRECTION: a-a .

TEST / GRAPH NO.: 28/2312.28

PULL ~e—

—1 — PULL

1. TAPE (ITEM 1), DACRON, 3/4" WIDE x 750 LB. TENSILE
2. CORD (ITEM 2), DACRON, 550 LB. TENSILE
3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "FF", TYPE I, CLASS 3
4. STITCH: |
TAPE: 4-POINT W-W, TYPE 301, 7-11 STITCHES/INCH

CORD: DOUBLE THROW ZI1G-ZA6
' ' 82
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.: ~ 14178 AJ
TEST/GRAPH NO.: 28 .
Suspension Line/Radial 28/2412.28
Tape Joint LOCATION REFERENCE: P
LOAD DIRECTION: a-s

Jrest OBJECTIVE: Determine minimum ultimate strength of suspension '

lina/radial tape joint test samples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: N/A

MATERIAL: Radial tape, Dacron, 3/4 inch wide x 730 1b. tensile
-strength suspension line, Dacron, 550 1b. tensile

strength
STITCH: Type 301 & Double throw sig-sag, 7-11 stitches/inch
THREAD: Dacron, V-T-285, Size *FF", Type I, Class 3
TEST PROCEDURE: :
METHOD: Tensile per Ped. Spec CCC-T-191

LOAD RATE: 12 inches/minute ,
INSTRUMENTATION: Research Inc. Materials Test System, Mod.No. LF 7445-20

TEST DATA:

SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION

1 618 1b, Sample Pailure

2 630 1b, : Senple FPailure

3 618 1, ‘ Sample Pailure

4 615 1b, Sanple Pailure

S 613 1b, Sample Pailure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/%(615 + 630 + 615 + 615 + 615) =« 618 1b.

2. RATED STRENGTH = Min, ultimate strength of weakest member
= Min, ultimate strength of suspension line

= 620 1b, :

3. MINIMUM ULTIMATE STRENGTH = 615 1b,
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH

® 615/620
= 99,2 p

REMARKS/CONCLUSIONS:

: g | - ,, [EEVEN

industries, inec.




 LOCATION REFERENCE:
LOAD DIRECTION:

TEST / GRAPH NO.: 31/2412.

“E%>

DESCRIPTION: SUSPENSTON LINE/CANOPY RISER JOINT

AVIEN

industries, inc.

31.b

—

A
\ /I
VAL

¢ 7

PULL ~¢—

A
/!

i

l/

A N A A A
Y WV V v v

4

4

/
7 ! T

—* puLL

q

T

NOTES:

1. WEBBING (ITEM 1),

2. CORD (ITEM 2), DAC
3. METAL LINK (ITEM 3
.. '
5.

STITCH: TAPE: 4

- r.» 3" -;1 |

—1
—

DACRON, MIL-W-25361, TYPE III, 1 3/4" WIDE x

7000 LB. TENSILE.,

RON, 550 LB. TENSILE.
), P/N AN6562-1, Fc65.

THREAD (ITEM 4), DACRON, V-T-285, SIZE "FF", TYPE I, CLASS 3.

-POINT W-W, TYPE 301, 7-11 STITCHES/INCH

CORD: DOUBLE THROW ZI16-ZAG.
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LABORATORY MATERIAL TESTS AND TEST DATA

TEST ITEM: PROJECT NO.:

Suspension Line/Canopy Riser LOCATION REFERENCE:
Joint , LOAD DIRECTION:

TEST/GRAPH NO.: 31/2412.31.b

TEST OBJECTIVE: Determine minimum ultimpte strangth of suspension line/
canopy riser joint test sample i

TEST SAMPLE CONFIGURATION:
DIMENSIONS: N/A

MATERIAL:  Webbing, Dacxon, MIL-W-25361, Type IXX, 7000 1b. tansile
strength suspension line, Dacron, 550 lb, tansile strength

. STITCH: fl@ﬁ 301, 4-Point, W-W § Double Thrqw zig-%ag, 7-1} l3$3¢h0lﬂ
THREAD: ' .
Pacren, V-T-285, Sire “Fr°®, Type I, Class )

TEST PROCEDURE:

METHOD: Tonsile per red. Spec, CCC-T-191
LOAD RATE: 12 finches/minute

INSTRUMENTATION: Research Inc. Materials Test System, “od.No. LF 7445-20

TEST DATA: - : : -
SAMPLE NO. ULTIMATE STRENGTH TEST TERMINATION
1 610 1b 8ample ¥ailure
2 610 1b Sapple Pailure
3 605 1b Sarple Pailure
) 590 1b Sasple Pailure
L 385 1» Sample Failuge
CALCULAT]IONS:

1. AVERAGE STRENGTH =

2. RATED STRENGTH = Minimpum ultimate strangth of weakest mpmbex
- zggiggn Witimate strength of sygpension lines
-»

3. MINIMUM ULTIMATE STRENGTH = sgs ib

4. MATERIAL/JOINT/SEAM. EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= B85/620
. "9‘ 1

REMARKS/CONCLUSIONS:

s RIAIVIEN]

industries, inc.
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DESCRIPTION: CANOPY RISER AT KEEPER

LOCATION REFERENCE:
LOAD DIRECTION:

TEST / GRAPH NO.: 32/2412.32

O 0

- e
23 &xa Iiib C - R Ol e .IIII I‘I' -Il
.

P — L. =T — pULL
ST
'I"—vlz- -

NOTES:

1. WEBBING (ITEH 1), DACRON, M!L W-25361, TYPE III, 1 3/4™ WIDE «x
7000 LB. TENSILE.

2. TAPE (ITEM 2), COTTON, 2" WIDE.
3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "FF", TYPE ]. CLASS 3. .

4, STITCH: 4 - POINT W-W, TYPE 301, 7-11 STITCHES/INCH,




LABORATORY MATERIAL TESTS AND TEST DATA

TEST/GRAPH NO.:'3!£2412|=2

LOAD DIRECTION:

Canopy Riser @ Keoper LOCATION REFERENCE:

TEST OBJECTIVE: Determips minimum ultimate strength of canopy riser
at keeper test samples

1 ISEm PROJECT NO.: 34798

N
«
o

TEST SAMPLE CONFIGURATION:

L DIMENSIONS:  M/A |
MATERIAL: Cano Py Risey Webbing, Daogon, MIL-W-25361, Type III,
| :,,‘ 3/4% x 7000 1p tensile gtrength
STITCH: Type 301, 4 point W-W, 7-11 stitches/inch
o THREAD: Dacron, V-T-288, Size "n‘ ¢ Type I, Class 3
' TEST PROCEDURE: | '
METHOD: Tepsile per Fed. Spea, CCC-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc, Materials Test Systen, Mod.No. LI 7445-20

TEST DATA: » _
SAMPLE KO. ULTIMATE STRENGTH TEST TERMINATION
1 No Test Jaw 8lippage
2 7800 1b ~ Sample Failure
3 7000 b : Sample Pailure
4 7800 b v Sample Pailure
CALCULATIONS:

1. AVERAGE STRENGTH = 3}/3(7800 ¢ 7000 + 7800) = 7533 1b
2, RATED STRENGTH = Hinimum ultimate strength of bridle webbing

® 7300 b

3. MINIMUM ULTIMATE STRENGTH = 7000 1b

4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
= 7000/7200

= 95,9 1 -

f
[
®
1
i
[
[
i
4

REMARKS/CONCLUSIONS:

. ., [BEVERN

industries, jnc.
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DESCRIPTION: CANOPY RISER AT MAIN KEEPER TIE

ene
ER e

LOCATION REFERENCE:

e LOAD DIRECTION:

m |

™ TEST / GRAPH NO.: 33/2412.33

O ~®
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2 .NOTES:

]

n 1. WEBBING (ITEM 1), DACRON, MIL-W- 25361 TYPE III, 1 3/4™ WIDE x
7000 LB. TENSILE,

N

- 2. TAPE (ITEM 2), COTTON, 2" WIDE.

 ;' 3. THREAD (ITEM 3), DACRON, V-T-285, SIZE "FF", TYPE I, CLASS 3.

4, STITCH: 4 - POINT W-W, TYPE'301. 7-11 STITCHES/INCH.
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LABORATORY MATERIAL TESTS AND TEST DATA

1TEST ITEM: PROJECT NO.: 14178

TEST/GRAPH NO.: 3m'
Canopy Riser at Main Keeper LOCATION REFERENCE: |

Tie LOAD DIRECTION:

TEST OBJECTIVE: Determine minimum ultimate strength of canopy riser -
at main keeper tie test samples

TEST SAMPLE CONFIGURATION:
DIMENSIONS: w/A

MATERIAL: Riser webbing, Dacron, MIL-W-25361, Type IIX, 1 3/4" wide
X 7000 1b tensile strength
Webbing, Cotton, 2" wide

STITCH: Type 301, 4-Point W-W, 7-11 stitches/inch
THREAD: Dacron, V~T-285, Size "FF", Type I, Class 3
TEST PROCEDURE:
" METHOD: Tenslle per Ped. Spec. CCC-T-191

LOAD RATE: 12 inches/minute
INSTRUMENTATION: Research Inc, Materials Test System, Mod.No. LF 7445-20

—

TEST DATA:
SAMPLE NO. . ULTIMATE STRENGTH TEST TERMINATION
1 ' 7700 1b | Sample Failure
2 7800 1b .Sample Failure
3 7500 1b - Sample Failure
4 8000 1b Sanmple Failure
CALCULATIONS:

1. AVERAGE STRENGTH = 1/4(7700 + 7800 + 7500 + 8000) = 7750 1b

2. RATED STRENGTH = Minimum ultimate strength of bridle webbing
.= 7300 1b ,

3. MINIMUM ULTIMATE STRENGTH = 9500 1b
4. MATERIAL/JOINT/SEAM EFFICIENCY = MIN. ULT. STRENGTH/RATED STRENGTH
: = 7500/7300
= 102.,7 %
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VI. STRESS ANALYSIS

The basic materials and each seam and joint throughout the
cross paréchute were anélyzed with respect to maximum loads
imposed on the system during deployment. Design factof
calculations are presented in Table 2 for each sample
configuration test in Sectionlv. Material degradation

due to heat loss (sterilization) and abfasion are taken
into account. A minimum safety factofyiof-l.so is assumed.
Line convergence and assymetrical loadiﬁééfactors are
included where applicable. Margin of saféty calculations
of each test sample follow Table 2.. Reference 1s_mnde'

in this section to Figure 13, for lbcation and load

direction.
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CANOPY PROJECTED AREA
W= 18.84"

\ ' /
\

% ’I . L ,'. . ‘ ) e e
\\ I
\ o /F

f———— Dp = 45,33 —*

r = Dp/2 = 45,33 = 22.67 fe.
-T—

0 = w/r = 18,84/22.67 = 0.83105 = 47.6°
Length of chord BD = 2 r sin 0/2 _ _
BD = (2)(22.67) sin 23.80° = (2)(22.67)(0.40355) = 18.30 £¢t.

BC » BD = 18,30 = 9,15 f¢,
2 T '

A= JinZ2- a2 e f(22.61)2 - (3.15)2 = 20.74 te.
Area of segment BCDE = r20 - r? gin @
: kil
= (3.1416) (22.67)2(47.6) - (22.67)2(0.73846)
360 : 2
- 23,72 f£.2

Area of cross = 4 (AC) (BD) - ,(Bb)z
= 4 (20.74) (18,30) - (19.30)
- 1183,28 f¢.2 |
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Total Area = 4 (23.72) + 1183.28
= 1278.16 ft.2

DCVELOPED LOAD IN CANOPY FABRIC

The projected essential cloth area = 1278.16 ft.z.

This projected cloth area must absorb the load imposed
by the opening shock force. Therefore, the load per
unit area, assuming the shock load is uniformly

distributed, is:

Plover actual area) = FO
Ap

= 17,620
YTIT TS
- 13,79 1b/fe?
This force is essentially "pressure® insicde a hemisphéro.

The stress in the parachute cloth may then be calculated

froms

P - g ¢t = Ppr = (13.79)(22.67)
Dev ~z 2 (12

= 13,03 1b/in

100
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STRESS ANALYSIS

Description: Canopy Cloth, Dacron (Fill Direction)

Location Reference/Load Direction: A/a-a

Ultimate Sttength'

Pult = Minimum ultimate strength of test sanple
- (Ravel strip test results, £111 dixection)

=41 1b/4in

Allowable'Load.

Pallow = Puig
Desiqp Factor
- 41

= 22,49 1b/tn

Margin of Safety

M.s. - Pa) low

- 100
PDev
- 22.49 - 1.0
= ¢ 72.6 b4

P

Dev =

13.03_ 1b/4in

101
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STRESS ANALYSIS

. Description: Canopy Cloth, Dacron (Warp Direction)

Location Reference/Load Direction: A/b-=b

Ultimate Strength !

Pyl = Minimum ultimate strength of test sample
{Ravel strip test results, warp direction)

- 45.0 1b/in

Allowable lLoad

Pallow = Pult
Design Factor
- 45.0
1,823

- 24.68 1lb/4in

Margin of Safety

M.s. - Pallow - 1.0 Py, = 13.03 1b/in
PDev ‘
- 1-’94 - 1.0
- + 89.4 2
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STRESS ANALYSIS

Descriptioh: Suspension Line
Location Reference/Load Direction: B/a-a o

Ultimate,Strenéth

Pult = Minimum ultimate strength of test sample
X no. of suspension lines

- 620 x 64
= 39,680 1b,
Allowable Load '

Pallow ® ____ Pule
Design Factor
- 39,680

s 3

- 21,766 1b,

Margin of safety

M.S. - P - . :
allow 1.0 P, _ 17,620 1b,
' PDev
21,766 - 1.0 ,
17,620
1.235 -1.0 3
+ 23.5% 3
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STRESS ANALYSIS

Description: Radial Tape
Location Reference/Load Direction: D/awa

Ultimate Strength

Pult - Mini{mum ultimate strength of test sample
X no. of radial tapes

- 990 x 64

® 63,360 1b. .
Allowable Load

Rt A AN AT e Al B 1 K ~m  sa e AR e - Bl a4 D R N . B ey gk
W = BB CD N o S o) e
B

Pallow = Palt
_ Design Pactor
- 63,360
17823~

- 34,756 1b,

Margin of Sifetz

M.S. = Pallow - 1.0 Pp.v = 17.620 1b.
——— L 4

- 34,756  -1.0
I’,a!u

- 10973 - 1.0

.4+ 97.3 . ]

-y N N BN o R G
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STRESS ANALYSIS

Description: Canopy Riser Webbing

Location Reference/Load Direction:

Ultimate Strength

Pult - Minimum ultimate §trength of test sample
‘ X no. of plys of webbing

- 7300 x 8

*  $8,400 1b.
Allowable Load |

[ ]

Pallow = Pule
Design Pactor
'585400 '
- 30,576
Margin of Safety
M.S. - ) 4 - .
—;5-1-1-3"—- 1.0 Ppev 17,620 1b.
Dev .
- 30,576 - 1.0 ' '
17,670
- 1.735 - 1.0
108 i
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STRESS ANALYSIS

Description: " Load Bridle Webbing

Location Reference/boad'Directioni

Ultimate Strength

Pult =  Minimum ultimate strength of test sample
x no. of plys of webbing g

- 10,250 x 6
- 61,500 1b,
Allowable Load

Pallow ™ Pult
Design Factor

- 615500

- 38,777 1b.

Margin of Safety

17,620 1b.

M.S. - Pallow - 1.0 Pp, =
. Ppev
- 35,777 - 1.0
I’,E:U
- 2.030 - 1.0
-  +103,0 T

PR—— Am o s —————t

inc.
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STRESS ANALYSIS

Description: Main Sean
Location Reference/Load Direction: F/a-a

Ultimate Strength

Puit ® Minimum ultimate strength of canopy cloth
(ravel strip test results, £i11 direction)

= 41 1b/in

‘Allowable Load

Pallow = Pult
Design Factor
- 41
- T9%

- 20.61 1b/in

Margin of Safety

M.S. « Pallow -1.0 p
Poey | Dev = 13,03 1b/in
v
* 20,61 - 1.0
- 10532 - 1‘0
" ¢ 58.2 s
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STRESS ANALYSIS

Description: Main s.aﬁ

Location Reference/Load Direction: p/b-b

Ultimate'sttength

Pult *® Minimum ultimate strength of canopy cloth

(ravel strip test results, varp direction)
X no. of material thicknesses at sean

43 % 4
180 1b/4in
Allowable Load
 Pallow Pult
Design Pactor
- 180
!.!l,

- 80.11 lb/in

Margin of Safety

M.S. - Pallow - 1.0

?Dev

PDev »

13.03 1b/4in
- 80,11 - 1.0
B & Pk _

- 6.148 - 1.0

- + 514.8 -3

108
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STRESS ANALYSIS

Description: Radial Tape on Canopy Cloth
Location Reference/Load Direction: G/a-a

Ultimate Strength

Pult = Minimum ultimate strength of canopy cloth
(ravel strip test results, f£11) direction) +
Minimum ultimate strength of radia tape x no. of tapes

(41 + 990) (64)

635,984 1d
Allowable Load -
Pallow = Pole
Design Factor
- 655984

- 32,298 1b

Margin of Safety

M.S. - P L
_-allow 1.0  Ppoy = 17,620 1d
pDev :
- 32,298 -1.0
¢ f © = 1,833 - 1.0
- + ‘30’ ]

= af) e = an =w - - ) = - - - - e 9 ’il
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industries,

Description: Radial Tape on Canopy Cloth .

ke -

Location Reference/Load Direction: G/b-b

Ultimate Strength

Pult = Minimum ultimate strength of canopy cloth

= 45 1b/in

Allowable Load

Design Factor
. o _
2137

- 21.06 1b/in

Margin of Safety

(Ravel strip test results, warp direction)

M.S. - P -
—;31193~ 1-0 Ppev = 13.03 1b/in
Dew - :
- 21.06 -1.0
= 1.616 - 1.0
" 4 61.6 '

inc.
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STRESS ANALYSIS

Description: Radial Tape Across Main Seanm

Location Reference/Load Direction: R/a-a

Ultimate Strenqgth

Pyule -

Allowable Load

Pallow =

Minimum uwltimate strength of tape +minimum
ultimate strength of cloth x no..of joints
(assume opening shock force is absorbed by
first row of tape/seam joints)

(990 + 41) x 64

65,984 1b

Pult
Design Factor

65,984

32,633 1b

Margin of Safety

M.s. -

Pallow 1.0 Phiv = 17,620 1b
PDev '
32,633 - 1.0
(4
1.852 - 1.0
+ 88.2 S
111
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STRESS ANALYSIS

Description: Radial Tape Across Main Seam

Location Reference/Load Direction: H/b-b

Ultimate Strength

Pyle = Minimum ultinate strength of cloth (warp
direction) x no. of thicknesses of cloth

= 4S5 x 4
= 180 lb/4n
Allowable Load

Pallow ™ N Pult 1
Design Factor
- 180
Z.188
- 82.27 1b/4in

Margin of Safety

M.S. - Palilow " - 1.0

Phey o 13:03 1b/in
PDev )
- 82.27 - 1.0
- 13.0%
- 6.314 - 1.0
- 4 531.4 *

12
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STRESS ANALYSIS ‘ .

Description: Radial Tape on Skirt Edge Hem
Location Reference/Load Direction: J}/a-a

Ultimate Strength

= Minimum ultimate styength of tape ¢+ minimum ultimate
strength of cloth x no. of thicknesses of cloth
x no. of tapes on edge hemp

- [990+ (45x3)] x

Pult

Allowable Load

Pallow = Pult
Gy Design Pactor
Ve - 9000
=  3mn ‘

Margin of Safety

M.S. = Pallow  -1.0 Py . g % 17,620 = 2203 b
& P 4 :
= Dev ' (Assuming equal load
- 3772 - 1.0 ~ distribution of esch
| TI0% radial tape)
- 1.712 - 1.0
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STRESS ANALYSIS

Description: Radial Tape on Radial Taps on Canopy Cloth

Location Reference/Load Direction: J/b~b

Ultimate Strength

Pult = Minimum ultimate strength of tape + minimum

ultimate strength of cloth x no. of joints (assume
aopening shock gorco is absorbed by first yxow of
tape-on-tape joints)

= (990 + 41) x 64

65,984 1
Allowable LAZd +984 1b

Pallow = - Pule
Design Pactor

655984

- 31,99 b

Margin of Safety

M.S. = Pallow - 1.0 Pp.. . 17,620 1b
pDev
- 31,969 - 1.0
4 N
- 1.81‘ - 1.0
- ¢ 81.4

113
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STRESS ANALYSIS

' Description: Radial Tape on Radlal Tape oh Main Seam

Location Re ference/Load Direction: K/a-3

Ultimate Strength

Pult * Minimum ultimate strength of tape + minimpum yltimate
strength of cloth x no. of thicknesses of cloth %
no. of tapa on tape on main peap jointe

(990 + (45 x 4] x 28
= 32,760 1b »

Allowable Loagd

Pallow * Pult
: Dasign Factor
- 32,760

- 12,752 1b

Margin of safety

MeSe = Pallew  -1.0 p, %% x 17,620 = 7709 1b
Prey k | |
- 12,78 - 1.0 (Assuming equal load
7"&5 distribution on each
radipl tape) '
- 1.654 ~ 1.0
- +65.4 '
!
|
|
116
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STRESS ANALYSIS

- v

Description: Ragdial Tape on Radial Tape on Main Sean
Location Reference/Load Direction: X/b=b

Ultimate‘Sttength.

Pult = Minimum ultimate strength of tape + minimum ultimate
strength of gloth x o, of tape on tape on main

sean joints
" (990 + 41) x 30
= 28,868 1b
Allowable Load
. Paliow = Pule
Design Pactor
- ZBEGSB

g 13,675 1

Margin of Safety

M.S. = Paliow =10 Py, . 28 %17,620 = 7709 1b
.- PDQ' . . “
- - 1.0 (Assuming equal load distribution
| ;;6512 an each rzgiol tape)
= 1.77¢ - 1.0
- +77.4 N
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STRESS ANALYSIS

Description: Radial Tape on Minor-to-Major Panel Seanm

Location Reference/Load Direction: L/a-a

Ultimate Strength

Pult -

Allowable hoad

Pallow *

Margin of Safety

M.S. -

Ninimum ultimate strength of canopy cloth

41 1b/in

Pult

Design Factor
41

zﬂua;

20.46 1lb/in

Pa11§u - 1.0
Phev

20.46 - 1.0
15,03

1.570 = 1.0
+57.0 \

P -
Dev. =  13.03 1b/in
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STRESS ANALYSIS

Description: Raaja) Tape on Ninor-tq-Major Panel Seam

Location Reference/Load Direction: L/b=b

Ultimate Strength

Pult * Minimum ultinatae strength of tage + m1ninum.u1t1n¢to
strength of cloth x no, of thicknesses of cloth
X no. of tapss on minor-to-uq;ipt pangl seanm
(990 + (41 x 8y x ¢ '

4780 1b
Allowable Load

Pallow = Pult
Design Pactor

4780
Z.1%s

3313 1b

~Margin of Safety

M.S. = Pallow. “10 Ph. . 4
Dev 67 ¥ 17,620 = 1301 b

- - 1.0 (Assyming equal load Aigtyribu-
g}g tion on each xadial tppe
4012 - = 1.0

+101,2 '
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STRESS ANALYSIS

Descrlption:-nadial Tape On Radial Tape on Minor-to-Majox
Panel Seam (at coxner cut-out)

Location Reference/Load Direction: M/a-a

Ultimate Strength

Puie * Minimun ultimate‘strength of tape + minimum.

ultimate strength of cloth x no. of thicknesses

penel gean joints

- Eso + (41 x Qf] x4
Allowable Loda 944352 1b

Pallow = Pule
Design Factor
- 4452
358
- 2063 1b

Margin of Safety

M.S. - Pallow - 1.0
Phev
- 2063 -
0T 1.0
- 1.874 - 1.0

- +87.4 S

of cloth x no. of tape

Phev = 4

oa tape on minor-to-major

T4 x 17,620 = 1101 1b

(Assuming equal load
distribution on esch

rpdial tape)

120
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STRESS ANALYSIS

Description: Radial Tape on Radial Tape on Minor-to-Major
Panel Seam (At Corner Cut-Oug)

Location Reference/Load Direction: ‘N/b"b

Ultimate Strength

Pult = Ninimum ultimate strength of tape + mininum ultimate
strength of cloth x no. of thicknesses of cloth
X no. of tape on tape on mipor-to-major psnel seanm

= joints
_ Pormaxn] x4
4452 1b
Allowable Load
Pallow = : Pule

Design Pactor

- 4452
Im

- 2109 1b

Margin of safety

MeSe = Pallow -1.0 Py, . 4 x17,620 = 1101 1b
' Phev [ {9 .
- 2109 - 1.
IT%T 1.0 (Assuring equal load distribution
on eagh radial tape)
- N '

121

- N BTM A 1 o g e 20 g o 3y < 4 .-




| - = an o Em B oo O3 @ o e e oo EN R S e o) me

RIA|VIEIN

industries, inc.

t
STRESS ANALYSIS

Description: Rad4al Tape on Radial Tapé on Minor-tao-Major
Panel Sean (No Main Sean) -

Location Reference/Load Direction: N/a-a

~Ultimate Strenqthv

Pult = Minimyn ultimate strength of tape + minimum
ultimate strength of cloth x no., of tape on tape
on minor-to-major psnel seam joints

" (990 + 41) x 12
= 12,372 1b

Allowable Load

Pallow = Pule
Design Factor

12'372
!.53,

- 5467 1b . B

Margin of safety

WeSe T Pallow -0 .. L 12 x 17,620 = 3304 11

Ppev ' , &1 .

- - 1.0 (Assuming equal load :
5467 * distribution on each radia
0T tapq)

= 1.638 - 1.0

- +65.5 :
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STRESS ANALYSIS

Description: Radial Tape on Radial Tape on Minor-to-Major
Panel Seam (No Main Sean

Location Reference/Load Direction: N/b-b

Ultimate Strength

Pult = Minimum ultimate strength of tape ¢ minimum
ultimate strength of cloth x no. of thicknesses
of cloth x no. of tape on tape on minor-to-major

- nel seam joints
[;;00(41:5) z 12

‘ 14,340 b
Allowable Load
Pallow = Pult
Design Factor
- 14!340

= 6320 1b

Margin of Safety

M.S. - Pallow = 1.0 Pp.y o 12 x17,620 = 3304 1b
[ 1)
| Phev .
- o - (Assuming equal load distribution
6320 1.0 on each r:gial tape)
b 3{1]
- 1.’13 - 1.0
- +91.3 S
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STRESS ANALYSIS

Description: Radial Tape on Radial Tape
Panel Seam (On Main Seam)

0/a-a

Location Reference/Load Direction:

Ultimate Strenggg_

RIA|V|E

N

industries,

’

on Minor-to-Major

Pult = Minimum ultimate strength of tape + minimum .
ultimate strength of cloth x no., of tape on tape
on minor-to-major panel seam joints

(990 + 41) x 16

A 16,496 1>
Allowable Load

Pallow = Pule
: Design Factor

16,496
o

8074
Margin of Safety
M.S. - Pallow - 1.0
‘ Phev
- 8074 - 1.0
3308 ,
- 10833 - 1'0

- ‘83.3 ]

Phev = %% x 17,620 = 4405 1b

(Assuming equal load distribution
on each radial tape)

s == ot o
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STRESS ANALYSIS

Description: Radial Taps op Radial Tape on Minox-to-Major
Panel Sesm (On Main Seam

Location Reference/Load Direction: Olb‘bu

Ultimate Strength

Pule = Minimum ultimate strength of tape + minimum
ultimate strength of cloth x no. of thicknesses
of aloth x no, of tape on tape on minor-to-major

™ panel sean joints :

[#90 ¢ (41 x 5)] =12
14,340 1»

Allowable Load

Pallow =~ Pule
Design Factor .

. 14,340
P T

- 990 1b

Margin of Safety

M.S. - Pallow -1.0 Py, . 12
Ppev ; $T x 17,620 » 4405 1b
- 5990 - 1.0 (Assuming equsl load distri-
Y111 bution on eagh radial tape)
= 1,360  ~ 10
- +36.0 s

-

.
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STRESS ANALYSIS

Description: gugpension Line/Radial Tape Joint

Location Reference/Load Direction: ?/a-a

Ultimate Strength

Puit * Minimum ultimate strength of weakest member
(suspension line) x no. of lines

= 620 x 64

= 39,680 lb
Allowable Load

Paliow = Pule
. Design Factor

- 39,680
- 19,624 b

Margin of safety

M.S. -
s LPallow  -1.0 . _ 17,620 1b.
PDev : -
- le,sza - 1.0
‘ [}
- 1011‘ - 1.0
- +] L4 )
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STRESS ANALYSTS

Description: Suspensloa Line/Canopy Riser Jbint

Location Reference/Load Direction:

Ultimate Strength !

Puie * Minimum uley

mate 8trength ot'weak
(Suapenaion

€3t membey
line) x DO. of 1ines
620 x ¢4

39,680 1b
Allowable ngg

Design Factor

i
- 39,680 :

19,576 1

Margin of Safggz
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STRESS ANALYSIS

Descripntion: Canopy Riser at Keeper
Location Reference/Load Direction:

Ultimate Strength

Pulte * Minimum ultimate strength of webbing x no. of
riser webbing plys

= 7300 x 8

= %8,400 1d o
Allowable Load.

Design Factor

- ‘i 58,400

. - - 27,943 1b

Margin of Safety

‘M.s. = Pallow =10 Py, . 17,620 1b
Phev '
- 27,943 _ .0
L35 :
- ' v - 1.0
1.586
-  458.6 o
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STRESS ANALYSIS

Description: Canopy Riser at Main Keeper Tie
Location Reference/Load Direction:

Ultimate Strength

Pylt . = Minimum ultimate strength of webbing x no. of
legs with ties x no. webbing plys per leg

= 7300 x 2 x 2

_ = 29,200
Allowable Load
Pallow = Pult
Design Factor
= 29,200

- 15,256 1b

"Margin of safety '

M.S. - P . -
_—allow 1.0 Ppoy = 2/4 x 17,620 = 8810 1b
Phev
. (Assuming equal load distribution
= 15,256 - 1.0 on each riser leg)
- 1.732 - 1.0
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RADIAL TAPE —
+97.3%

SUSPENSION LINE ,
CANOPY JOINT +12.5%

RADIAL TAPE
ACROSS MAIN SEAM

»--1—»+ 531.4%

. +852%

+73.5%

CANOPY RISER LEG

CANOPY RISER '
AT KEEPER +58.6 %

"FIGURE 14
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MAIN SEAM

++514.8 %

- +582% RADIAL TAPE

- ON CANOPY

/, — CANOPY MAT'L

' «1—- +89.4 %
i " (WARP)
i + 72.6% ‘

(FiLL)

N4 / SUSPENSION LINE
+ 2305 °/°

SUSPENSION LINE
RISER JOINT +1L1%

LOAD BRIDLE LEG

. SAFETY MARGINS
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vi1. WEIGHT ANALYSIS

CALCULATED CROSS-OVER AREA WBIGH‘I‘

i
x
.

w1dth = Calculated panel width + seam anowanco
No. of 1/2 inch seams - 10

P

Width = 18.8 + (10) (1.5) = 20.05 ft.-:
I'!"

.-

- seam allowance

3

Length = 18,8 + (2) (3) = 19.30 ft. .
‘ 2’

o
4,

No. of radial tapes on cron-ovef_grga_fn 32

Length per tape = panel width = ;3.8‘.8---£t.

Canopy material weight = 1,25 oz/ycl2
Radial tape weight = 0.41 oz/yd

* 8.150 1b.

b e —— S . g T T -y

Additional material width per seam = 1.5 in.

Length = Calculated panel width ﬁj,.mim‘::':.-to-majot panel

No..of 3/4 inch minor-to-major panel seams = 2

Additional material length per aeam} = 3,0 in.

industries,

inc.

Calculated weight = (20,05) (19.30) (1.25) + {32) (18.8) (0.41)
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Add 6% for thread
Total weight = 9,01 1lb.

CALCULATED MINOR PANEL WEIGHT
Width = Calculated panel Qidth + edge henm allowance
No. of 3/4 inch hems per panel = 2 . »
Additional material width per hem = 1.5 in,

width = 18.8 + (2) (1.5 = 19,05 ft.

Length = Calcuiated»panel'length - skirt hem ¢+ seanm
allowance
No. of 1/2 inch seams pet,panei -9
Additional material width per se@m = 1,5 in.

Length = 26.2 + 9 (1.5) = 27,25 ft.
No. of radial tapes on minor panel = 16
Length = Panel length + suspension line loop allowance

- 26.2+0.,3 = 26.54 fe. |
No. of minor panelc - 4§ .u,.@.u

Calculated weigth = &  (19.05) (27.25) (1.25) + usnzs 54) (o.n
: {9) (16)
- 32.52 1b. o |
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Add 48 for thread
Total weight = 33,82 1b.

CALCULATED SKIRT HEM WEIGHT
Hem Length = 4 x calculated panel width

Material width per hem = 3 in, = 0.25 tt;

Material weight = 1,25 oz/ydz
Tape weight = 0.57 oz/yd

RIAIVIE|N

industries,

inc.

Calculated weight = (4) (18.8) (0.57) + (4)(0.25)(18.8)(1.25)

= 1.06 1b,
Add 5% for thread
Total weight - 1.11 1b,

CALCULATED SUSPENSION LINE WEIGHT
Total no. of ltnes = 64
Cut length of lines = 67.83 ft.
Line weight = 60 yd/1b

Calculated weight = {64) (67.83)

. = 24.12 1b.
- Add 1% for thread
Total weight = 24,36 lb,
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CALCULATED METAL LINK WEIGHT
Total No. of links = 8
Weight per link = 1.80 oz.

CALCULATED CANOPY RISER WEBBING wzxcﬁr ﬂ
Dacron webbing length = total riser length + keeper 1onqth
. 78.67 + 0.79
= 79.46 !t.

Webbing weight = 2.29 oz/yd

»COtton webbing langth = total leugth of 9 buffers +
4 keepers + 2 keepor ties
= (9)(6.5) + (4)(6) + (2)(10.25)
‘= 103 in. |
Wbeing'voight = 0,76 oz/yd

Calculated weight = (79, 46;(2 .29) re 5103!§0.762

- 3,93 1b,

Add‘zt for thread -
Total weight = 4.01 1b.
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CALCULATED LOAD BRIDLE WEIGHT

Nylon webbing length = total bridle length
| - 41.7 fe.
Nylon webbing weight = 2,97 ozx/yd

Dacron
Dacron

Cotton

Cotton

Dacron

Dacron

webbing length
webbing weight

webbing length

webbing weight

keaﬁe:~1¢ngth
0.79 fto '
= 2,29 oz/yd

= total length of 4 buffers

+ 2 keeper ties
(4) (7.5) + 2 (10.25)
50.5 4n.

0.76 oz/yd

material required = length x width

material weight

63 . x 2.75
173.25 in.2
6 oz/ya?

Calculated weight = 541.7‘52.97) + (0.79)‘2.292 +
(50.5) (0.76) + (173.25)(6
(367 (18) (WHTL

= 2,73 1b.

Ada 6%

for thread

Total weight = 2,89 1b,
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WEIGHT SUMMARY
CALCULATED WEIGHT
PART COMPONENT
DESCRIPTION WEIGHT WEIGHT
CROSS-OVER AREA 9,01 LB.
MINOR PANELS (4) 33.82 LB.
SKIRT HEM .11 LB.
SUSPENSION LINES (64) 24.36 LB.
CROSS PARACHUTE, 54 FT. De 6€8.30LB.
CANOPY RISER WEBBING 4.0l LB.
METAL CONNECTING LINKS(8) 0.90 LB.
CANOPY RISER 4.91 LB.
CROSS PARACHUTE & CANOPY RISER 73.21 LB.
LOAD BRIDLE 2.89 LB.
76.10 LB.

TOTAL SYSTEM WEIGHT

TABLE 3
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WEIGHT SUMMARY
'ACTUAL WEIGHT "

REANVEN

industries, inc

DESCRIPTION WEIGHT
CROSS PARACHUTE (INCLUDES SUSPENSION LINES
AND CANOPY RISER) 73.56 LB.

; LOAD BRIDLE 3.00 LB.
ki - o |
; DEPLOYMENT BAG 1.94 LB.

SHIPPING CONTAINER 9.13 LB.

TOTAL SYSTEM WEIGHT 78.50 LB.
H

TABLE 4.
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SECTION VIII
CENTER OF GRAVITY
AND MASS MOMENTS OF INERTTIA

CALCULATIONS
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VIIXI. CENTER OF GRAVITY AND MASS MOMENTS

OF INERTIA CALCULATIONS .
CALCULATBD CENTER OF GRAVITY ('5T§UNG-OUT' POSITION)
Actual weight of the fabricated parachute-canopy riser
assembly was 73.56 lb} vs. the calculated uaight of
' 73.21 1b., The actual weight will be u;edﬁfor C. G.
Af‘calculations. Since the calculated weighﬁs of the -
Acanop; riser and suspension lines are considered to | ;
be reasonably accurate, the ditforehé&boffo.ss 1b, | o
R will be assumed to be proportlona11§ disﬁfibutad between

. the cross over area and the four mihopr;holo.

Total calculated weight = calculated cross-over area
veight + calculated minor panel unight
= 9.01 + 33.82
- 42.83 1b,

8 Total weight for cross-over area = 9.01 « 21%
. . q2.83

$ Total weight for minor panels = 33.82 = 79%
17,83

Actual weight of cross-over area (used in C. G. cqiculat;on)
| | = 9.01 + (0.21) (0,35) °

= 9,08 1b,
Actual weight of minor panels (used in C. G. calculation)
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= 33,82 + (0.79) (0.35)
= 34.10 1b. '

Summing moments about the lower end of canopy riser:

73.65 x = (4.10) (4.50) + (0.90) (9.05) + (24.36)(42.69) +
| (1.11) (76.32) + (34.10)(89.42)- + (9.08) (105.61)
x = 70.05 ft.

System center of gravity location = 70.05 ft,

from lower end of canopy riser.

Unit and parachute system weights and C. G. locations
are tabulated in Table S, page 140 , and are presented

pictorially, Pigure 15, page 141 .

inc.
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STRESS ANALYSIS

Dascription: Radial Tape on Racial Taps on Canopy Cloth
b

Location Reference/Load Direction: J/8-8

Ultimate Strength

= Minimum ultimate strepgth of tape + minimum
ultimate strength of cloth x no. of joints
(assume opening shock force is absqrbed by
first rov of tape-on~tppe joints)

= (590 4 43) x 64

¢ 66,240 1b
Allowable Load

Pult

Pallow ™= Pult
- Design Factor

- 605240
[ ]

-  3%,310 ib

‘Margin of Safety

MoSo - P - D
P.11ow 1.0 Py, = 17,620 1b
Dev
- zo,;xo - 1.0
’~
= 10“’ - 1.0
- *66.3 ?

114
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C.G. DIST,
DESCRIPTION WEIGHT |[UNIT C.G. LOCATION FROM
_ — - CONFLUENCE PT]
CROSé-OVER AREA 9.08LB.|1/3 DISTANCE FROM AREA |05.6|. FT. |
SIDE TO APEX .
MINOR PANELS (4) 34.10 LB.| MID-POINT OF PANEL 89.42 FT. .
- LENGTH |
SKIRT HEM 1.11 LB.] MID-POINT OF HEM 76.32 FT.
WIDTH ' :
SUSPENSION LINES 24.36 LB.| MID-POINT OF LINE 42.69 FT.
FINISHED LENGTH
“AETAL CONNECTING 090 LB.}] MID-POINT OF LINK 9.05 FT.
LINK
CANOPY RISER . 4.10 LB.| MID—-POINT OF WEBBING 4,50 FT.
WEBBING LENGTH '
PARACHUTE SYSTEM 73.65 LB. 70.05 FT.

TABLE 5 PARACHUTE COMPONENT AND SYSTEM

CENTER OF GRAVITY LOCATIONS
(STRUNG—OUT POSITION)
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CALCULATED CENTER OF GRAVITY (PACKED POSITION)

In order to determine the center of gravity location of

the parachute system in the packed position, the pack

density of the final configuration and packed length

requirements must be calculated. Uniform pack density

is subtracted from the total system weight since this

length of the riser is not packed inside the deployment

bag ™

Calculated Deployment Bag Volume

Bag dlametét w 11.5 in.
Bag length = 29 in.

Volume = » D2 L
T

- (0.7854) (11.5)3(29)
= 3012.21 in.3

is assumed. The weight of 52 inches of the canopy riser

Calculated Weight of Canopy Riser Outside Deployment Bag

Total webbing length (8 plys) outside deployment bag

e . 8§ (S2+41)
w 424 in.

inc.
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Dacron webbing weight = 2,29 oz/yd
Total unpacked weight = (424) (2.29)
e (Iey

= 1069 lbo
Calculated Pack Density |

Total parachute system weight = 73.6S 15.
Total packed weight = 73,65 - 1.69 - - ,
= 71,96 1b,
Pack density = Packed walght/availﬁbig,volum.
= 71.96/1.74 S
= 41.36 1b./fe.3

Calculated Length Required for Parachute Components

Canopy weight = Cross-over area weight + minor panel

waight ¢ skirt hem weight
= 9.08 + 34,10 4 1,11
- 44.29 1b, '

Required length = 4 x Weight
x b2 x Pack Density

= (4)(44.29) (1728
£T3TITIKT%IITSTL(§1.36)

L 17.01 h.

.

Suspension line weight = 24.36 lb;

Required length = (4) (24.36) (1728)
(3.1416) (11.5)2(41.36)

- 9080 in.
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Canopy riser weight = Total webbing weight -~ webbing
- weight outside deployment bag + conneéting
link weight
’ = 4,10 - 1.69 + 0,90
= 3.31 in.

Required length = _(4) (3.31) (1728)
(3.1416) (11.5) 2(41.36)

= 1.33 ino>'

‘Summing moments about bottom of deployment bag

71.96 x = (44.29)(8.91) + (24.36) (22.71) + (3.31)
| (28.275) o
x = 14,47 in.

r

33" X< RISER N\ —J

\\\\

' /////// .
t uspeusw /// 28.28
" LlNES

9.80

V7 ///// 7/
\\\\\\\\\\\\\\\

\\\T

‘Figure 16. Parachute System Center of Gravity Location
(Packed Position)
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The assumption of uniform pack density defines the C. G.

iocation as the dimensional center of the deployment bag,

14.50 inches from the bag bottom. Since the canopy requires

17.81 inches pack length, this point is within the canopy
material. By making an assumption thaﬁ pack length
required is directly proportional td material area,

a good approximation of the C. G. location on the canopy
is obtained. | | |

Aétual material arca = 2328.24 £t.2

Canopy material below C. G. = 14.50 (2328.24)
. I7.81

= 1895.51 ft.2

Canopy material above C. G. = 2328.24 - 1895.51

- 432.73 ft.2

. Canopy panel weight - 18.84 ft.
3 Panel length required - 432.73
’ - 5,74 ft.

The approximate center of gravity location of the parachute

in the packed position is therefore loacted on the canopy,

e e e m W s e

) 3 3 == oo

5.74 ft. above the canopy skirt.

A et e~

| 74
-~
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CALCULATED CENTER OF GRAVITY (INPLATED POSITION)

In calculating the center of gravity location of the fully
1nf1ated parachute, actual vertical distances must first
be determined. These required lengths are obtained from

a straight forward manipulation of canopy geometry. The
inflated canopy is assumed to be hemispherical in shape.
In the following calculations, reference is made to

Pigure 17, page 147

6 = half angie at confluence point
= sin~l 22.67 |
I.2Y

= 0.31835
- 18.56°

Canopy Riser

End of riser to confluence point = 5 ft,
Vertical length of riser leg (confluence point to
suspension line) = ¢ co§ 18.56°
| = (4)(0.9480)
= 3.79 fe.

Suspension Lines

Vertical length (confluence point to canopy skirt)
= 71.21 cos 18,56° |
= (71.21) (0.9480)
= 67.51 ft. .
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FIGURE }l7 PARACHUTE SYSTEM CENTER OF GRAVITY
LOCATION (INFLATED POSITION)
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Vertical length of suspension lines = 67.51.- 3.79

= 63.72 ft.

Minor Panels

S

Radius =

=
uar *
=
-

Vertical

N oD D OO R ko &I B

Cross-Over

o, = Arc length
! Radius

Arc Length = 1/2 minor panel length

= 13.10 ft.
1/2 préjected diaﬁeter.
22.67 ft.
13.10
22.67
0.5779 radians
33.11°
.length (canopy skirt to minor panel C.G.)
r sin q, |
(22.67) (0.5463)
12.38 f£t.

Area

s

1
q

=
e

-y

Y

Arc Length
~adtos —
Arc Length = Minor panel length + 1/3 distance

from cross-over area edge to apex
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= 26.20 + 3.14
= 29,34 ft. .

as = 29.34
22,87

= 1.2942
= 74.16°
Vertical length (canopy skirt to cross-over area C.G.)
=r sipa, ' - |
= (22.67) (0.9620)
= 21.8£'ft.

Summing moments about the lower end of the canopy riser:
73.65 x = (4.10)(4.50) + (0.90)(8.79) + (24.36) (40.65) +
(1.11) (72.55) + (34.10) (84.89) + (9.08) (94.32)

x=65,.83 ft,

-

Center of gravity location of the fully inflated parachute

is 65.83 ft. from lower end of riser.
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MASS . MOMENTS OF INERTIA
Calculations of the mass moments of inertia are based on
; set of rectilinear axis with the origin at the parachute
system center of gravity location. The rotational freedoms
about these axis are defined as follows:
Yaw - Rotafion about x-éxis
Pitch - Rotation about Y-axis

Roll - Rotation about Z-axis

The following assumptions are made:
1. The canopy is fully inflated and hemispherioal in
shape. | “
2. The compiete system is considered a rigid body.

3. Each individual systen component is considered

as a point mass,

Reference is made to Figure 17 for definition of dimensions

in the following calculations.

Roll Mass Moment of Inertia

Riser Legs
Each individual leg is considered as a straight inclined

rod, Assuming the weight of each leg is proportional to

leg lengthx

150




o =

E

i I S

&3

3 e o

.,.‘,_....«M\,...V,..__.‘
m .‘\‘ ol

,,wA-‘,_Mm”“ﬂx*NMNMWH
o B . T

RIAVIEIN]

industries, inc.

weight/leg = (48)(4.10)

= 0.46 1b,

Moment of inertia about inélined axis through leg C.G. =

n 12 sinz,o
12 _

= (0.46)(4)2 sin? 18.56°

= (0.46) (4)2 (0.31835)2

= 0.0019 slug-ft?

The moment ofvinertia of one leg about the 3 axis is
obtained by use of the parallelanis theorem
Ig = Icg=m a2
d = horizontél distance from leg C.G. to
| B axis '
verticalvdistance (confluence‘point
to leg C.G.) = 1.90 ft.
d = 1.90 tan ©
- 1.90 tan 18.56°
= (1.90) (0.3357)
= 0.64 ft.

Ig = 0.0019 + (0.46)(0.64)2
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=  0.0078 slug-ft2

For four legs: I; = (4) (0.0078)
| = 0.03 slug-ft2 I

Connecting Links

Vertical distance (confluence point to links) = 3,79 f¢,

Horizontal distance = 3.79 tan &

‘= (3.79) (0.3357)
-1.27 fe.

Ig-mfz

= (0.90) (1.27)2
573

= 0.05 slug'ft2

Suspension Lines

The suspension line mass moment of inertia is obtained
‘ollow1ng the same procedurc used for the riser legs.

weight/line = 24,36

= 0.38 1b.

Momént of inertia about inclined axis throﬁgh line C.G. =

-’
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m 12 sin2

D ¥

= (0.38) (67.83)2 (0.31835)2
| G722 (12)

- -

= 0.4586 slug-ft?

At

ey Sie s ke kMot n N g

Ig = Icg=m a?
d = horizontal distance from line C.G. to g-axis
| vertical distance (confluence point to line C.G.)
= 35,65 ft.
@ = 35.65 tan @
- (35.65)(0.3357)
= 11.97 ft.

Ig = 0.4586 + (0.38)(11.97)2
32.2

= 2.1495 slug-ft?

For 64 lines: Ig = (64) (2.1495)

= 137.57 slug-ft?

Skirt Hem _
The skirt.hem is considered as a thin rod bent in a

circular arc

weight/panel hem = 1.11 = 0,28 1b.
-4 '

horizontal distance to hem C.G. = _r sin B
B
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radius 6f inflated canopy

= 22.67 ft. ' |

; half angle subtended-by skirt hem
= 0.41553 radians |

horizontal distance = (22.67) (0.4037)
' 0.41553

= 22,02 ft.

I; = mr?

-  (0.28)(22.02)2
15,3

&3

= 4.,2164 slug-ftz

For 4 skirt hems: I = (4) (4.2164)
= 16.87 slug'ftz

“;:vwm?i.i L
G K3

5 B 2 T - I

Canopy

The minor panels and cross-over area, considered as a

unit, are a hemispherical surface,

Canopy weight = minor panel weight + cross-over area weight )
= 34.10 + 9.08
= 43.18 1b.
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= (43.18) (22.67)2
322y (3y

= 229.72 slug-ft?

The moment of 1nertia of the main (vertical) section of
the canopy riset about the B-axis is considered negligible.
The resultant roll mass moment of inertia about the system
center of gravity is, therefore:
(Ic.g.) rol11 = 0.03 + 0.05 + 137.57 + 16. 87 + 229.72
= 384.24 slug°ft?

Yaw Mass Moment of Inertia .

Main (vertical) Riser

Main rise; weight '- 4.10 - (4)(0.46) = 2,26 1b.

Ve;tical distance (riser C.G. to x-axis) = 65.83-2,50
= 63.33 f¢,

2

= (2.26) (63.33)2

= 281.50 slug-ft2

Riser Legs
Moment of inertia about inclined axis through by C.G. =

n 12 sin? (90-9)
12

- (0.46) (4)2 sin? 71.44°
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= (0.46) (4)2(0.9480)2
(32.2) (12)

= 0.0171 slug-’ft?

Iy = iC.G. + m a?
d = vertical distance (leg C.G. to x-axis)
= 65.83 - 6.40
= 59,43 ft.

I, = 0.0171 + (0.46)(59.43)2
23

= 50.4732 slug-ft?

For four legs: I, = (4)(50.47)

= 201.88 slug-ft? -

Connecting Links .
Vertical distance (link C.G. to x-axis) - 65.83~8.79

= 57.04 f¢t.
Ix = m r2

= (0.90)(57.04)2
~32.2

= 90.94 slug-ft?

industries, inc.
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Moment of inertia about inclined axis through line C.G. =

m 12 sin? (90-0)
132

= (0.38)(67.83)2(0.9480) 2

= 4.07 slug-ft?

Ix = Igg + m a2

d = vertical distance (leg C.G. to x-axis)

= 65.83 - 40.65
- 25.18 £e.

I, = 4.07 + (0.38)(25.18)°2

= ’11.55.sluq‘£t2

For 64 lires: I, = (64)(11.55)
= 739.20 slug-ft?

Sklrt.Hem

The hem is again considered a thin rod bent in a circular

arc. However, the four hems are not symmetrical with respect

to the x-axis, two of the panels bein§ parallel and two

perpendicular to this axis. The moments of inertia must
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therefore be determined by two equations. -

Parallel hens:

Moment of inertia about line.parallel to x-axis = m rz

= (0.28) (22.02)°2
3.5

- 4,22 sluc-ft2

d = vertical distance (hem C.G. to x-axis)

= 72.55 - 65.83
= 6.72 ft.

4.22 + (0.28)(6.72)2
V%)

= 4.61 slug-ft?

For two parallel hems: Ig a (2)(4.61)
= 9.22 slug-£t?

lormal hens:

Moment of inertia about line parellel to x-axis =

m r2 /1 - sinB cosB
-2 8

'
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= (0.28) (22.02)2 [1 - (0.4037)(0.9149)]
IE— & %) N ) I : 0.41553

= 0.23 slug-ft>

= Icc+md2

= 0.23 + (0.28)(6.72)2
33,27

= 0.62 sluq'ft2

For two normal hems: I, = (2) (0.62)

= ‘1.24 slug® £t2

For four hems: T, = 9.22 + 1.24

= 10.46 slug-ft?

Canopy
Considering the canopy a unit hemispherical surface, the
moment about an axis at the canopy skirt is:

I = m tz.

= (43.18) (22.67)2

- 229,72 slug®ft>

inc.
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Ix = I+ m d2
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éd = vertical distance (canopy'skirt to x-axis)

= 72.55 -~ 65.83
= 6.72 ft.

Ix = 229.72 + (43.18) (6. 72)
, 32.2

- 238.92 slug- £t2

Summing the component moments of inertia, the resultant

yaw nass moment of inertia about the system center of

gravity is found as

(IcG) yaw = 281.56 + 201.88 + 90.94 + 739,20 + 10.46 + 238.73

1562.71 sluq'ft2

Pitch Ilass Morment of Inertia

Since the parachute system is symmetrical about. the B-axis,

gravity is equal to the yaw moment, or

(Icc)pitech = 1cg) yaw

= 1562.71 slug®ft?

 the pitch mass moment of inertia about the systen center of

160




